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ABSTRACT 


It has been determined that current stem ramp designs lack adequate stmctural 
integrity during Sea State Three roll-on, roll-off (RORO) operations. Therefore, 
passive isolation between the stem ramp and the RORO discharge facility (RRDF) is 
being investigated as a means of reducing ramp stress levels. A coupled hydro- 
stmctural simulation model of the combined ship-ramp-RRDF is under development in 
order to evaluate candidate isolator technologies. This thesis documents a thorough 
study of several stem ramp finite element models in order to ascertain the suitability of 
these models for use in the simulation model. Additionally, an experimental facility is 
being developed to simulate, at model scale, RORO operations. This thesis also 
documents the finite element analysis and experimental modal analysis of the primary 
stmctural components of the facility, specifically the scale model stem ramp and its 
support. 
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(Inertia Loading, 1 Degree Twist, No Tanks).89 

Figure 148. Cape H (bottom view) von Mises Stress Contour Plot, Max. Stress: 26.0 ksi 

(Inertia Loading, 1 Degree Twist, No Tanks).90 

Figure 149. Cape H (left view) von Mises Stress Contour Plot, Max. Stress: 26.0 ksi 

(Inertia Loading, 1 Degree Twist, No Tanks).90 

Figure 150. Cape H (right view) von Mises Stress Contour Plot, Max. Stress: 26.0 ksi 

(Inertia Loading, 1 Degree Twist, No Tanks).91 

Figure 151. Cape H (close-up) von Mises Stress Contour Plot, Max. Stress: 26.0 ksi 

(Inertia Loading, 1 Degree Twist, No Tanks).91 

Figure 152. Cape H (close-up) von Mises Stress Contour Plot, Max. Stress: 26.0 ksi 

(Inertia Loading, 1 Degree Twist, No Tanks).92 

Figure 153. Cape H (top view) von Mises Stress Contour Plot, Max. Stress: 44.7 ksi 

(Inertia Loading, 3 Degree Twist, No Tanks).92 

Figure 154. Cape H (bottom view) von Mises Stress Contour Plot, Max. Stress; 44.7 ksi 

(Inertia Loading, 3 Degree Twist, No Tanks).93 

Figure 155. Cape H (left view) von Mises Stress Contour Plot, Max. Stress: 44.7 ksi 
(Inertia Loading, 3 Degree Twist, No Tanks).93 
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Figure 156. Cape H (right view) von Mises Stress Contour Plot, Max. Stress: 44.7 ksi 

(Inertia Loading, 3 Degree Twist, No Tanks).94 

Figure 157. Cape H (close-up) von Mises Stress Contour Plot, Max. Stress: 44.7 ksi 

(Inertia Loading, 3 Degree Twist, No Tanks).94 

Figure 158. Cape H (close-up) von Mises Stress Contour Plot, Max. Stress: 44.7 ksi 

(Inertia Loading, 3 Degree Twist, No Tanks).95 

Figure 159. Cape H (top view) von Mises Stress Contour Plot, Max. Stress: 31.9 ksi 

(Inertia Loading, No Twist, One Tank)...95 

Figure 160. Cape H (bottom view) von Mises Stress Contour Plot, Max. Stress: 31.9 ksi 

(Inertia Loading, No Twist, One Tank).96 

Figure 161. Cape H (left view) von Mises Stress Contour Plot, Max. Stress: 31.9 ksi 

(Inertia Loading, No Twist, One Tank).96 

Figure 162. Cape H (right view) von Mises Stress Contour Plot, Max. Stress: 31.9 ksi 

(Inertia Loading, No Twist, One Tank).97 

Figure 163. Cape H (close-up) von Mises Stress Contour Plot, Max. Stress: 31.9 ksi 

(Inertia Loading, No Twist, One Tank).97 

Figure 164. Cape H (top view) von Mises Stress Contour Plot, Max. Stress: 35.0 ksi 

(Inertia Loading, 1 Degree Twist, One Tank).98 

Figure 165. Cape H (bottom view) von Mises Stress Contour Plot, Max. Stress: 35.0 ksi 

(Inertia Loading, 1 Degree Twist, One Tank).98 

Figure 166. Cape H (left view) von Mises Stress Contour Plot, Max. Stress: 35.0 ksi 

(Inertia Loading, 1 Degree Twist, One Tank)...99 

Figure 167. Cape H (right view) von Mises Stress Contour Plot, Max. Stress: 35.0 ksi 

(Inertia Loading, 1 Degree Twist, One Tank).99 

Figure 168. Cape H (close-up) von Mises Stress Contour Plot, Max. Stress: 35.0 ksi 

(Inertia Loading, 1 Degree Twist, One Tank).100 

Figure 169. Cape H (top view) von Mises Stress Contour Plot, Max. Stress: 50.3 ksi 

(Inertia Loading, 3 Degree Twist, One Tank).100 

Figure 170. Cape H (bottom view) von Mises Stress Contour Plot, Max. Stress: 50.3 ksi 

(Inertia Loading, 3 Degree Twist, One Tank).101 

Figure 171. Cape H (left view) von Mises Stress Contour Plot, Max. Stress: 50.3 ksi 

(Inertia Loading, 3 Degree Twist, One Tank)...101 

Figure 172. Cape H (right view) von Mises Stress Contour Plot, Max. Stress: 50.3 ksi 

(Inertia Loading, 3 Degree Twist, One Tank).102 

Figure 173. Cape H (close-up) von Mises Stress Contour Plot, Max. Stress: 50.3 ksi 

(Inertia Loading, 3 Degree Twist, One Tank).102 

Figure 174. Cape H (close-up) von Mises Stress Contour Plot, Max. Stress: 50.3 ksi 

(Inertia Loading, 3 Degree Twist, One Tank).103 

Figure 175. Cape H (top view) von Mises Stress Contour Plot, Max. Stress: 43.8 ksi 

(Inertia Loading, No Twist, Two Tanks).103 

Figure 176. Cape H (bottom view) von Mises Stress Contour Plot, Max. Stress: 43.8 ksi 

(Inertia Loading, No Twist, Two Tanks).104 

Figure 177. Cape H (left view) von Mises Stress Contour Plot, Max. Stress: 43.8 ksi 

(Inertia Loading, No Twist, Two Tanks).104 

Figure 178. Cape H (right view) von Mises Stress Contour Plot, Max. Stress: 43.8 ksi 
(Inertia Loading, No Twist, Two Tanks).105 
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Figure 179. Cape H (close-up) von Mises Stress Contour Plot, Max. Stress: 43.8 ksi 

(Inertia Loading, No Twist, Two Tanks).105 

Figure 180. Cape H (close-up) von Mises Stress Contour Plot, Max. Stress: 43.8 ksi 

(Inertia Loading, No Twist, Two Tanks).106 

Figure 181. Cape H (top view) von Mises Stress Contour Plot, Max. Stress: 48.9 ksi 

(Inertia Loading, 1 Degree Twist, Two Tanks).106 

Figure 182. Cape H (bottom view) von Mises Stress Contour Plot, Max. Stress: 48.9 ksi 

(Inertia Loading, 1 Degree Twist, Two Tanks).107 

Figure 183. Cape H (left view) von Mises Stress Contour Plot, Max. Stress: 48.9 ksi 

(Inertia Loading, 1 Degree Twist, Two Tanks).107 

Figure 184. Cape H (right view) von Mises Stress Contour Plot, Max. Stress: 48.9 ksi 

(Inertia Loading, 1 Degree Twist, Two Tanks).108 

Figure 185. Cape H (close-up) von Mises Stress Contour Plot, Max. Stress: 48.9 ksi 

(Inertia Loading, 1 Degree Twist, Two Tanks).108 

Figure 186. Cape H (close-up) von Mises Stress Contour Plot, Max. Stress: 48.9 ksi 

(Inertia Loading, 1 Degree Twist, Two Tanks).109 

Figure 187. Cape H (top view) von Mises Stress Contour Plot, Max. Stress: 58.9 ksi 

(Inertia Loading, 3 Degree Twist, Two Tanks).109 

Figure 188. Cape H (bottom view) von Mises Stress Contour Plot, Max. Stress: 58.9 ksi 

(Inertia Loading, 3 Degree Twist, Two Tanks).110 

Figure 189. Cape H (left view) von Mises Stress Contour Plot, Max. Stress: 58.9 ksi 
(Inertia Loading, 3 Degree Twist, Two Tanks).110 


Figure 190. Cape H (right view) von Mises Stress Contour Plot, Max. Stress: 58.9 ksi 
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(Inertia Loading, 3 Degree Twist, Two Tanks). 

Figure 191. Cape H (close-up) von Mises Stress Contour Plot, Max. Stress: 58.9 ksi 

(Inertia Loading, 3 Degree Twist, Two Tanks). 

Figure 192. Cape H (close-up) von Mises Stress Contour Plot, Max. Stress: 58.9 ksi 

(Inertia Loading, 3 Degree Twist, Two Tanks). 

Figure 193. Model-Scale Ramp, Mode 1, Torsion... 

Figure 194. Model-Scale Ramp, Mode 2, Bending. 

Figure 195. Model-Scale Ramp, Mode 3, Second Torsion. 

Figure 196. Model-Scale Ramp, Mode 4, Second Bending. 

Figure 197. Model-Scale Ramp Support, Mode 1. 
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I. INTRODUCTION 


The United States Military Sealift Command desires the capability to conduct 
roll-on, roll-off (RORO) operations in the open ocean. In order to achieve this goal, 
RORO operations must be able to be performed during Sea State Three. During RORO 
operations, the offloading vessel is connected to a roll-on, roll-off discharge facility 
(RRDF) by the vessel’s stem ramp. The latest version of such vessels is termed “large, 
medium speed, roll-on, roll-off’ (LMSR), whereas older versions are termed by their 
particular class, such as “Cape H” or “Cape T”. Each of these vessels has a uniquely 
designed stem ramp. 

The limiting condition when conducting RORO operations is the stress induced 
in the stem ramp due to loading and twist. The stem ramp must have the capability to 
support two tanks located near its middle while undergoing the twist due to relative 
motion between the RORO vessel and the RRDF. Because existing stem ramp designs 
lack adequate stmctural integrity during Sea State Three RORO operations, 
modifications must be made to existing RORO equipment to reduce the stress levels in 
the ramps. One possible method is to employ passive isolation between the stem ramp 
and the RRDF as a means of reducing ramp stress levels. 

A coupled hydro-stractural simulation model of the combined ship-ramp-RRDF 
is under development in order to evaluate candidate isolator technologies. A thorough 
study of the LMSR, Cape H, and Cape T stem ramp finite element models is necessary 
in order to ascertain the suitability of these models for use in the simulation model. 
Additionally, an experimental facility is being developed to simulate, at model scale, 
wave-induced static and dynamic response of the ramp. Finite element models of the 
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major components of the experimental facility, specifically the model-scale ramp and 
its support, have been developed. Correlation of these finite element models with the 
physical structures must be accomplished for model validation. Experimental modal 
testing of the model-scale ramp and its support is necessary to update the finite element 
models. 
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IL FULL-SCALE RAMP FINITE ELEMENT MODELS 


Three finite element models were provided to the Naval Postgraduate School for 
analysis. Two of the models, the LMSR and Cape H stem ramps, were translated from 
ANS YS format for use with MSC/NASTRAN. The Cape T stem ramp model was 
delivered in MSC/NASTRAN format. The Cape H and Cape T models were 
constracted using metric units whereas the LMSR model was constracted in English 
units. All results are provided in English units. 

Each stem ramp design consists of two sections. Section-One cormects to the 
stem of the RORO vessel for deployment onto the RRDF for RORO operations. 
Section-Two is coimected to Section-One by two, five or eight hinge joints depending 
on the design, and rests on the RRDF when deployed for RORO operations. Section- 
Two is designed to be the more flexible portion of the ramp to minimize torsional 
stresses in the ramp created by the relative motions between the RORO vessel and the 
RRDF. 

A. LARGE, MEDIUM SPEED, ROLL-ON, ROLL-OFF STERN RAMP 


Table 1 lists the physical dimensions and material properties of the LMSR ramp. 


Length 

113.9 ft 

Width 

24 ft 

Weight 

105.5 tons 

Elastic Modulus 

30,000 ksi 

Material 

Mild steel 


Table 1. LMSR Stem Ramp Characteristics 

Figure 1 displays the LMSR stem ramp finite element model. Two hinges connect 
Sections-One and Two allowing for a more flexible coupling than exists in the Cape H 
or Cape T stem ramp designs. 
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Figure 1. LMSR Stem Ramp Finite Element Model 

Five separate boundary condition cases were used for computational modal 
analysis of the LMSR stem ramp and comparison with results obtained previously from 
the Cape T stem ramp. Figure 2 displays the grid point locations restrained for each 
boimdary condition case, two each for the ship and RRDF ends and Figures 3 through 7 
show the restrained degrees of freedom (DOF) for boundary condition cases one 
through five. 
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Grid 6481 



Ship-End 


Grid 5243 


Figure 2. LMSR Boundary Condition Grid Locations 



Figure 3. LMSR Boundary Condition Case 1 
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Arrows indicate restrained DOF 


Figure 4. LMSR Boundary Condition Case 2 



Arrows indicate restrained DOF 


Figure 5. LMSR Boundary Condition Case 3 
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Arrows indicate restrained DOF 


Figure 6. LMSR Boundary Condition Case 4 



Arrows indicate restrained DOF 


Figure 7. LMSR Boundary Condition Case 5 



Case five boundary conditions, shown in Figure 7, were used for all linear static 
computational analyses of the LMSR stem ramp. 

Some modifications were required to be made to the “as delivered” LMSR stem 
ramp finite element model. The model was originally constructed for the ANSYS fini te 
element software and was translated to MSC/NASTRAN for use at the Naval 
Postgraduate School. The translation processor was unable to translate an ANSYS 
element type, MATRIX 27. There were 16 such elements used in the ANSYS version 
of the LMSR model. These elements modeled a buttressing device used to lock the 
ramp in the deployed position for RORO operations. The MSC/NASTRAN element 
type CELASl was used to replace the ANSYS MATRIX 27 element and were added to 
the model. Table 2 contains the grid connection points for the new MSC/NASTRAN 
elements. 


Element Type 

Upper Grid 

Lower Grid 

CELASl 

9101 

6786 

CELASl 

9106 

6787 

CELASl 

9107 

6788 

CELASl 

9105 

6782 

CELASl 

9126 

6799 

CELASl 

9131 

6800 

CELASl 

9129 

6801 

CELASl 

9127 

6798 

CELASl 

5336 

2320 

CELASl 

5338 

2325 

CELASl 

5337 

2324 

CELASl 

5332 

1809 

CELASl 

5358 

2332 

CELASl 

5360 

2334 

CELASl 

5362 

2333 

CELASl 

5357 

1852 


Table 2. LMSR Stem Ramp Buttressing Device Grid Coimection Points 
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Each CELAS1 element acts in the vertical direction with a stiflfhess of24,000,000 
Ibfi'in. Another modification was the construction of lumped mass and rigid element 
tank models to predict the natural frequencies of a fully loaded (two tanks) LMSR stem 
ramp. These tank representations were consfructed similarly to those that were 
delivered with the Cape T stem ramp finite element model. Each tank model 
represented 80.6 tons added mass for a two-tank total of 161.2 tons. The lumped mass 
and rigid element tank representations were only used with the normal modes analysis 
of the LMSR stem ramp. 

B. CAPE T STERN RAMP 


Table 3 lists the physical dimensions and material properties of the Cape T stem 

ramp. 


Length 

101.6 ft 

Width 

25.4 ft 

Weight 

116.5 tons 

Elastic Modulus 

30,400 ksi 

Material 

Mild steel 


Table 3. Cape T Stem Ramp Characteristics 
Figure 8 displays the Cape T stem ramp finite element model. The Cape T stem ramp 
differs from the LMSR and Cape H stem ramps in that the buttressing device is 
modeled engaged in the deployed position. Five hinges are used to connect Sections- 
One and Two. This results in a somewhat stiffer connection and greater potential to 
induce torsion stresses in section one due to relative motion between the RRDF and 
RORO vessel. 


9 













Figure 8. Cape T Stem Ramp Finite Element Model 


Figure 9 indicates boundary condition grid locations and Figure 10 displays the 
restrained DOF used for linear static computational analyses of the Cape T stem ramp 
model. 
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Figure 9. Cape T Boundary Condition Grid Locations 



Figure 10. Cape T Boundary Conditions 
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C. CAPE H STERN RAMP 


Table 4 lists the physical dimensions and material properties of the Cape H stem 

ramp. 


Length 

143.8 ft 

Width RRDF End 

44.5 ft 

Width Ship End 

76.9 ft 

Weight 

272.9 tons 

Elastic Modulus 

30,000 ksi 

Material 

Mild steel 


Table 4. Cape H Stem Ramp Characteristics 


Figure 11 displays the Cape H stem ramp finite element model. Eight hinges connect 



Figure 11. Cape H Stem Ramp Finite Element Model 

Sections-One and Two, again this should result in a stiffer coupling than the two-hinge 

LMSR stem ramp design. The Cape H stem ramp is an asymmetric design unlike both 

the Cape T and LMSR designs. Also of note are the “split” arms that control the 

position of Section-Two during operation of the ramp. The split design was necessary 
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to lower the stowed height of the ramp to allow the Cape H vessel more overhead 
clearance. The Cape H ramp design has over twice the mass of the other stem ramp 
designs examined. 

The Cape H finite element model provided to the Naval Postgraduate School 
was an MSC/NASTRAN translation of an ANSYS model. As was the case with the 
LMSR stem ramp, the MATRIX 27 elements were not converted to MSC/NASTRAN 
format. CELAS 1 elements were used to replace the MATRIX 27 elements in the 
MSC/NASTRAN version of the Cape H stem ramp model. Each element acts in the 
vertical direction only with a stiffiiess of 97,000,000 Ibf/in 


Element Type 

Upper Grid 

Lower Grid 

CELAS 1 

15487 

15693 

CELAS 1 

15488 

15692 

CELAS 1 

19552 

15694 

CELAS 1 

14619 

14695 

CELAS 1 

14623 

14700 

CELAS 1 

14622 

14699 

CELAS 1 

14621 

14698 

CELAS 1 

15631 

204 

CELAS 1 

14657 

16982 

CELASl 

20215 

20144 

CELAS 1 

20218 

20147 

CELASl 

20263 

20357 

CELASl 

20286 

20328 


Table 5. Cape H Stem Ramp Buttressing Device Grid Connection Points 


Figure 12 indicates the boundary condition grid locations and Figure 13 shows 
the restrained degrees of freedom (DOF) used during the linear static computational 
analyses of the Cape H stem ramp model. 
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Grid 19491 


RRDFEnd 



Grid 20463 
Grid 19540 
Grid 19531 
Grid 19519 
Grid 19513 
Grid 19503 
Grid 19494 
Grid 13757 


Ship End 


Figure 12. Cape H Boundary Conditions 



Figure 13. Cape H Boundary Condition Grid Locations 
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III. MODEL-SCALE RAMP AND SUPPORT FINITE ELEMENT MODELS 

The ability to experimentally measure the response characteristics of a ramp 
with an installed isolator is necessary to ensure the validity of computer models used to 
predict such responses. Ideally, this would be accomplished on a full-scale ramp. 
However, a model-scale test facility that exhibits the same response characteristics as a 
full-scale ramp is better due to ease and reduced cost of experimentation. Through the 
use of a model-scale facility, many variations of isolator types may be rapidly evaluated 
and used to update computer simulation models. A computer simulation model that 
accmately predicts measured behavior at model-scale can easily be adapted to predict 
response of full-scale ramps with confidence. Figures 14 and 15 show the model-scale 
ramp and support. 
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Figure 14. Model-Scale Ramp 
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Figure 15. Model-Scale Ramp Support 

A. MODEL-SCALE RAMP 

MSC/NASTRAN was used to construct a finite element model of the model- 
scale ramp. The scale-ramp model was designed to have the same aspect ratio and 
RORO response characteristics as the full-scale Cape T stem ramp. This model was 
used as a basis for construction of the model-scale ramp to be used with the 
experimental test facility. Due to requirements for constmction and assembly of the 
model-scale ramp, some minor deviations from the finite element model design were 
necessary. The model-scale ramp finite element model was updated to reflect these 
design deviations. 

B. MODEL-SCALE RAMP SUPPORT 

MSC/NASTRAN was used to construct a finite element model of the model- 
scale ramp support. This support was designed to minimize excitation of the 



experimental test ramp during simulation of RORO operation. Following construction 
and testing of the scale-ramp support, the model was updated. Specifically, the support 
was raised above the deck by quarter inch steel shims under the mounting bolts to ease 
the determination and modeling of boundary conditions. Furthermore, due to 
inconsistencies in the welded joints of the support, including gaps in welds, the model 
was updated to reflect these weld gaps. 
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IV. RESULTS 


A. COMPUTATIONAL MODAL ANALYSIS 

1. Large, Medium Speed, Roll-On, Roll-Off, Vessel Stern Ramp 

The natural frequencies and mode shapes for all modes below ten hertz were 
determined using MSC/NASTRAN solution 103. Several boundary condition cases 
were examined to determine the boundary condition effect on the LMSR stem ramp 
finite element model’s (FEM) natural frequency and mode shape response and to 
compare with results previously obtained from the Cape T stem ramp. Table 6 contains 
a natural frequency summary of the five boundary condition cases analyzed. 


Mode 

Case 1 

Case 2 

Case 3 

Case 4 

Case 5 

1 

0.00 

0.00 

0.00 

1.82 

1.82 

2 

0.00 

1.35 

1.37 

2.53 

2.60 

3 

0.00 

2.99 

3.04 

3.15 

3.38 

4 

2.99 

4.13 

3.40 

6.84 

6.85 

5 

4.25 

6.85 

5.63 

9.32 


6 

6.21 

8.53 

8.80 



7 

7.89 

9.88 

9.36 



8 

9.66 





9 

9.94 





Tabled. LMSl 

^ Boundary Condition Natural Frequency Smnmary (Hz) 


A mode where the natural frequency listed is zero indicates a rigid body mode. Rigid 
body motion will occur if the stracture has fewer that six restraints. Rigid body motion 
of the LMSR stem ramp will not occur dining RORO operation because case 4 and case 
5 boundary conditions are used to restrain the stem ramp. PATRAN was used to create 
Figures 16 through 30 displaying the first three elastic modes. 


19 










































MSC.Ptttran 2000 r2 05-Jun-0115:18:38 

Deform: LWSRWITH TWO TANKS CASE 1. Mode 4:Fr0q •2.388: Eigenvectors, Translational 



Y default^Deformation: 

MaxB.SI-COZ 0Nd1994 

Figure 16. LMSR, Boundary Condition Case 1, Mode 1, Yaw-Torsion 


MSC.Pairan 2000 r2 05-Jun-0115:05:11 

Deform: LMSR WITH TWO TANKS CASE 1. Mode 5:Freq.«4.2473; Eigenvectors. TransiaiionaJ 



defautL.Deformation: 
Max 1.07-001 ®Nd5973 

Figure 17. LMSR, Boundary Condition Case 1, Mode 2, Torsion 
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MSCPatwJi 2000 r2 0&-Jun-0115:04:37 

Deform: LMSR WITH TWO TANKS CASE 1, Mode 6:Freq «B.2073: Eigenvectors, Translational 



f 

K-( 

V defauK_Defoimalion: 

Max 9.96-002 ®Nd 174 

Figure 18. LMSR, Boundary Condition Case 1, Mode 3, Bending 


MSCPalran 2000 A 05-Jun-0115:07:41 

Deform: CASE2,SC1, Mode 2:Freq,*1.3532: Eigenvectors, Translalional 





Figure 19. LMSR, Boimdary Condition Case 2, Mode 1, Torsion 


detauH_DetormaSon: 
Max 5.53-002 @Nd 6437 
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MSC.Patran 2000 r2 OB-Jun-Ol 15:08:-^3 

Deform: CASE2.SC1. Mode 3;Freq.»2.9875: Eigenvectors. Translational 




defauJt_Deformabon: 


^ Max 5.32-002 ®Nd 1994 

Figure 20. LMSR, Boundary Condition Case 2, Mode 2, Yaw-Torsion 


MSC PoJran 2000 r2 D5-Jun-T)115:09:21 

Deform: CASE2.SC1. Mode 4:Freq .H.ni 3: Eigertvectors. Translational 



2 

Figure 21. LMSR, Boundary Condition Case 2, Mode 3, Bending 


defouH_Detormalion: 
Max 9.m02®Nd 6478 
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MSC.Potrftn 2000 r2 05-Jun-0115:09:57 

Deform: CASES, Mode 2:Freq.»1.3703: Eigenvectors, Translational 



2 

—J< 

default_Deformation: 
Ma)c57£K}02@Ncl9913 

Figure 22. LMSR, Boundary Condition Case 3, Mode 1, Torsion 


MSCPolran 2000 r2 05-Jun-0n 5:10:29 

Deform; CASES, Mode 3:Freq *3.0368; Eigenvectors, Translatjonal 





defauH.Oetormation: 
Max <.95-002 ®Nd 6479 


Figure 23. LMSR, Boundary Condition Case 3, Mode 2, Yaw-Torsion 
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MSC.Pairan 2000 r2 05-Jun-0115:1 Oi'IB 

Deform: CASE3. Mode 4:Fteq .•3.3963: Eigenn«c»ors. Translational 




Figure 24. LMSR, Boimdary Condition Case 3, Mode 3, Bending 


default Deformation: 
Max7.5KI02 ®Nd9959 


MSCPatrangOOGreOS-Jun-O115:11:18 

Deform: CASE-^.SCl. Mode 1;Freq.-1.8206: Eigem/edors. Translational 




defauH^Deformation: 
Max 3.26-002 ®Nd 2854 

Figure 25. LMSR, Boundary Condition Case 4, Mode 1, Bending 
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MSCPatran 2000 r2 05-Ju(H)115:11:59 

Deform: CASE4.SC1, Mode 2:Freq.«2.5269: Eigenvectors, Translafional 



dBteuK_Deformation; 
Mw 440-002 @Nd 9148 

Figure 26. LMSR, Boundary Condition Case 4, Mode 2, Torsion 


MSCPaban 200012 05-Jun-0115:12:34 

Deform: CASE4SC1. Mode 3:Freq-«3.1471: Eigenvectors. Translational 



defauft^Deformatiort: 
Max 486-002 ®Nd 6480 

Figure 27. LMSR, Boundary Condition Case 4, Mode 3, Yaw-Torsion 
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MSC,PoJran2000r2 05-Jutv0115:15:25 

Deform: CASES. Mode l:Freq »1.8227: Eigenvectors. Translational 




detouh^Deformation: 
Max 3.26-002 ®Nd 10240 

Figure 28. LMSR, Boundary Condition Case 5, Mode 1, Bending 


MSCPalran 2000 r2 05-Ju(H)1 15:16:00 

Deform: CASES. Mode 2:Freq.»2.6035; Eigenvectors. Translational 



.2 



Figure 29. LMSR, Boundary Condition Case 5, Mode 2, Torsion 


default_Detormation: 
Mux <61-002 ®Nd 5381 
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MSCPatran 2000 r2 05-Jun-0115:16:24 

Deform: CASES, Mode 3:Freq.»3.3793: Eigenwectors, Translationel 




defciuH_Deformail!on: 

Max 5.47-002 ®Nd 6480 

Figure 30. LMSR, Boundary Condition Case 5, Mode 3, Yaw-Torsion 
The mode shapes for each boundary condition case were: bending; torsion; and yaw- 
torsion. The bending and torsion shapes were expected. The yaw-torsion mode is due 
to the restraints on the RRDF end either being not present (cases 1 and 2) or only in the 
vertical translational direction (cases 3, 4 , and 5). Normal modes analysis results from 
the LMSR stem ramp are consistent with those from a similar analysis of the Cape T 
stem ramp. A summary mode shape comparison is included in Table 7. 


LMSR Stem Ramp 

Mode 

Case 1 

Case 2 

Case 3 

Case 4 

Case 5 

1 

Yaw-Torsion 

Torsion 

Torsion 

Bending 

Bending 

2 

Torsion 

Yaw-Torsion 

Yaw-Torsion 

Torsion 

Torsion 

3 

Bending 

Bending 

Bending 

Yaw-Torsion 

Yaw-Torsion 

Cape T Stem Ramp 


Case 1 

Case 2 

Case 3 

Case 4 

Case 5 

1 

Yaw-Torsion 

Torsion 

Torsion 

Bending 

Bending 

2 

Torsion 

Yaw-Torsion 

Yaw-Torsion 

Torsion 

Torsion 

3 

Bending 

Bending 

Bending 

Yaw-Torsion 

Yaw-Torsion 

Table 7. L] 

SR and Cape T Stem Ramp 

Mode Shape Comparison 
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It has been predicted that the sea state three wave induced motion of the RRDF 
occurs at 0.35 Hz. As was listed in Table 6, the natural frequency for the first elastic 
mode of the LMSR stem ramp for all boundary conditions considered is well above 
0.35 Hz. Therefore, motion of the LMSR stem ramp may be assumed pseudostatic 
allovsing the use of linear static computational methods for determination of ramp stress 
levels. 

2. Model-Scale Stern Ramp 

Finite element models were previously constmcted of the major components of 
the experimental model-scale ramp test facility - specifically the model-scale ramp and 
it support stmcture. MSC/NASTRAN was used to predict the first four free-free normal 
modes of the model-scale stem ramp. Figures 31 through 34 show the first four elastic 
modes for the model-scale stem ramp. 

MSCPa)ran2000r2 06-Jun-01 11:12:53 

Deform: FREE^FREE, Mode 7:Freq.“10.74: Eigenvectors. Tmnslationol 



defaulcDefarmation: 
Max 6.05+000 

Figure 31. Model Scale Stem Ramp, Mode 1, First Torsion 
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MSaPatran 2000 r2 06-Juf>-0111:13:33 

Deform: FBEE^FREE Mode 8:Fr8q.»*25.334: Eigenvectors, Translational 




Figtire 32. Model Scale Stem Ramp, Mode 2, First Bending 


defaulLDeformation: 
Max 4.02^000 ®Nd 30 


MSaPatran 2000 r2 06-Jun-01 11:13:45 

Deform: FREE_FREE Mode 9:rreq.«40,5: Eigenvectors, Translational 




Figure 33. Model Scale Stem Ramp, Mode 3, Second Torsion 


defaulcDefoimation: 
Max 6.28+000 ©Mens 
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MSC.Patran 2000 r2 OS-Jun-OI 11:13:51 

Deform: FREE_FT£E Mode 10:Ffeq »71.157: Eigerivectors, Translational 



default^Deformation: 
Mqx 3.8W000 ®Nd30 

Figure 34. Model Scale Stem Ramp, Mode 4, Second Bending 

Some modifications to the finite element model were necessary to accurately reflect the 
constmcted ramp. The first four mode shapes of the model-scale stem ramp correlate 
with the experimental modal testing of the model-scale stem ramp. 

3. Model-Scale Stern Ramp Support 
MSC/NASTRAN was used to predict the normal modes of the scale-ramp support 
stmcture. The support was analyzed in its moimted condition - six bolts fastened to the 
deck. The base plate of the support stmcture was designed to fit flush to the deck, but 
due to slight bowing of the stmcture during the fabrication process, the base plate was 
free to vibrate in the vertical direction. The boimdary conditions of the support were set 
as clamps in the vertical DOF in the regions of the hold'down bolts. Figure 35 displays 
the first vibration mode predicted for the scale-ramp support stmcture. This mode is 
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essentially the base plate vibrating in the vertical direction at 51.3 Hz. This mode was 
correlated with the experimental mode test of the support structure. 


MSC,Pafran2000i22HHayM311'I;4B:03 

Deform: CLAMPS, Mode 1 :Freq.“51.313: Eigenvecfors, Translational 



default_Oeformalion; 
Max 8.06^000<SNd 1103 


Figure 35. Model-Scale Ramp Support Structure, Mode 1 


MSC,PBtran2000t2 294v(«^114:4854 

Deform: ClAMPS, Mode 7:Freq.*119.53: Eigenvectors. TianslationaJ 



defou}L.Deformalion; 
Max7,33*000@Nd5841 

Figure 36. Model-Scale Ramp Support Structure, Mode 7 






The only other mode that correlated with the experimental modal testing of the structure 
was the predicted mode 7, displayed in Figure 36. 

Updating the finite element model of the scale-ramp support was approached 
through several methods. First, the boundary conditions were matched as closely as 
possible. Second, due to inconsistencies and gaps in the welds of the structure, weld 
gaps were modeled as an attempt to introduce the asymmetry in the computational 
modal response that was observed in the vibration test. Third, the mesh of the structure 
was refined to allow more closely modeling the gaps in the welded joints. This resulted 
in limited success. The majority of the welds in the structure were right-angled joints 
between two steel plates. These welds joints were not modeled specifically and thus 
were not available for updating. 

B. COMPUTATIONAL LINEAR STATIC ANALYSIS 

Due to the pseudostatic response predicted by normal modes analysis of the 
LMSR and Cape T stem ramps, linear static analysis was chosen to determine ramp 
stress levels in each of the three ramp designs (LMSR, Cape T, and Cape H). A 
thorough study of the stress levels in each ramp imder various load condition was 
necessary to determine the suitability of the particular ramp model for inclusion in the 
coupled hydro-structural simulation model of the combined ship-ramp-RRDF. A set of 
load conditions was applied to each ramp design consisting of inertial (gravity) loads 
and various amounts of twist simulating the wave-induced motion of the RRDF. 
Additionally, the ramp designs were studied with one and two tank loading 
configurations as modeled by static pressure loads. 
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1. Large Medium Speed Roll-On, Roll-Off Vessel Stem Ramp 

The LMSR stem ramp analyses were conducted with case 5 boimdary 
conditions (restrained in the three translational DOF at the ship end and the vertical 
DOF at the RRDF end). Twist angles between the RRDF and ship of zero, one, three, 
five, and eight degrees were considered. Maximum von Mises stress contour plots were 
generated with PATRAN and are displayed in Figures 37 through 89. 


MSCPattan 2000 r218-Mo>H3110:13:55 

Fringe: GRAV10T.SC1. Static Subcase: Stress Tensor, -At 21 (VONM) 



4.73+0011 
defouit^Fringe: 

Max 1.92+004 @Nd 8812 
Min 4,73+001 @Nd420 


Figure 37. LMSR (top view) von Mises Stress Contour Plot, Max. Stress: 19.2 ksi 
(Inertia Loading, No Twist, No Tanks) 


33 




MSC.Polran2000r2 10:19:55 

Fringe: GRAV^OT.SCI, Static Subcase: Stress Tensor. -At Z^ (S^ONM) 





1.92*^00 
1 79 ^ 00 . 
1.6B^004| 
1.54+00- 
1.41+004 
1.28+00- 
1.15+004 
1.03+00' 
0,98+00 
7.70+00: 
6.42+00: 
5.15+003 
3 87+003 
2.B0+00 
1.32+0031 


4.73+OOn 
default_Fringe: 

Mtjx 1.92*004 ®Nd8812 
Min 4.73+001 @Nd42D 


Figiore 38. LMSR (bottom view) von Mises Stress Contour Plot, Max. Stress; 19.2 ksi 
(Inertia Loading, No Twist, No Tanks) 


MSCPotran2000r2ie-Mo/-D1 10:19:55 

Fnnge' GRAV_0T.SC1. Static Subcase: StressTensor. -At 21 (VONM) 


04B 


1.92+0041 
1.79+00- 
1.66+004 
1.54+004 
1.41+004 
1.28+00 
1.15+004LJ 



1.03+00 

8.98+00: 

7.70+00 

6.42+00: 

5.15+0031 

307+flO: 

2.BO+00 

1.32+00 


4,73+0011 
defautt^Fringe: 

Max 1.92*004 ®Nd 8812 
Min 4 73+001 @Nd 420 


Figure 39. LMSR (right view) von Mises Stress Contour Plot, Max. Stress: 19.2 ksi 
(Inertia Loading, No Twist, No Tanks) 
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MSCPctran 2000 r2 1 11:0l A9 

Fringe: GRAV^OTJ .SCI. Static Subcase: Stress Tensor. -At 22 (VONM) 


2 . 56 ^ 00 ‘ 

2.39+00 

2 . 22 + 00 ' 




m 



205+00- 
1 . 88+004 
1.71+00- 
1 54+004 
1.37+00' 
1 . 20 + 00 - 
1.03+00 
8.56+flO: 
6,85+003 
5.15+003 
3.45+00 
1.75+001 


431+0011 
defauH^Fringe: 


Max 2.56+004 ®Nd2592 
Min 4 31+001 ©Nd28 

Figure 42. LMSR (top view) von Mises Stress Contour Plot, Max. Stress: 25.6 ksi 
(Inertia Loading, 1 Degree Twist, No Tanks) 


MSCPolran 2000 r215^ylar01 11:01 1 ’flO 

Fringe: GRAV_0TJ .SCI. Static Subcase. Stress Tensor. -.At 22 (VONM) 


i 





256+00- 

2.39+00- 

2.22+004! 

2.05+00' 

1.88+0041 

1,71+00- 

1.54+00- 

1.37+00- 

1 . 20 + 00 - 

1.03+00- 

.56+00: 

6-85+00: 

5.15+00: 

3.45+00: 

1.75+00; 


431+DOll 
defauJt_Fringe; 

Max 2.56+004 ®Nd 2592 
Min 431+001 ®Nd 28 


Figure 43. LMSR (bottom view) von Mises Stress Contour Plot, Max. Stress: 25.6 ksi 
(Inertia Loading, No Twist, One Tank) 
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MSCPctrcin 2000 r21644ay^01 11:01 AB 

Fringe: GRAV_0TJ .SCI, Static Subcase; Stress Tensor, -AX 22 (VONM) 




1.3?*00- 
1.20*004 
1.03*004 
8.56*003 
6.85*003 
5.15+003 
3.45*003 
1.75*003 
4.31+001 


defaulLFringe; 

Max 2.56*004 0Nd 2592 
Min 4.31 *001 @Nd28 


Figvire 44. LMSR (right view) von Mises Stress Contour Plot, Max. Stress: 25.6 ksi 
(Inertia Loading, 1 Degree Twist, No Tanks) 


MSCPairan 2000 r21 B-MsoM)! 11 ;01:43 

Fringe: GRAV_0TJ .SCI, Static Subcase; Stress Tensor, -At 22 CvONM) 






1.37+00 

1.20*004 

1.03+004 

8.56+003 

6.85*003 

5.15+003 

3.45*003 

1.75+003 

4.31+001 


—^ defautCFringe: 

Max 2.58+004 @Nd 2592 
Min 4.31+001 @Nd28 

Figure 45. LMSR (left view) von Mises Stress Contour Plot, Max. Stress: 25.6 ksi 
(Inertia Loading, 1 Degree Twist, No Tanks) 
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MSC.Patron 2000 f216*Moy4)111:14:42 

3,90+004 

y 

Fringe: GRAV_0TJ.SC1, Static Subcase: Stress Tensor. -At Z1 (VONM) 

3.64+004 

1 


3.38+004 



3.12+004 

— 


2,86+004 



2.60+004 

H 


QO+004 



2 . 34 * 00 - 
2.08+00- 
1.82+00- 
1.56+00^ 
. 6 . 36 * 1 - 30 + 00 ^ 
1.04+00^ 
7.85+00: 
5.25+00; 
2.8B+00: 


6,36+0011 
defeujIl_Fringe: 

Max 3.90+004 ®Nd1230B 
Min 6.36+001 ®Nd 5233 


Figure 50. LMSR (bottom view) von Mises Stress Contour Plot, Max. Stress: 39.0 ksi 
(Inertia Loading, 3 Degree Twist, No Tanks) 


MSC.Patian 2000 r21 B-Moy<l111:1 <1:42 

Fringe; GRAV_0T_3.SC1. Static Subcase: Stress Tensor, -Ai Z1 (VONM) 





3.90+00- 
3.B4+00- 
3.3e+004[± 
3.12+00- 
2.86+004 
2,60+00 
2.34+00 
2.08+00 
1.82+00 
1.56+00 
1.30+00- 
1.04+004] 
7.B5+00: 
5.25+00: 
2.BG+00: 
6.36+001 




defoulLFringe: 

Mcsx 3.90+004 <s)Nd 12306 
Mirt 6.36+001 ®Nd5233 


Figure 51. LMSR (right view) von Mises Stress Contour Plot, Max. Stress: 39.0 ksi 
(Inertia Loading, 3 Degree Twist, No Tanks) 
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MSC.Patron 2D00r216^wtay-01 11:14:42 

3.30*00' 

Fringe: GRAVL0T_3.SCT Static Subcase: Stress Tensor 21 f^NM} 

3.84+00' 


3.38+00- 


3.12*00- 


2.86*00- 


2.60*00- 

2 34*00- 


2.08*00- 






V Y ■ 


1.30^004f^ 

1 . 0 ^+ 00 <^ 

7,85*003 

5.25*003 

2.66*00 

6.36*001 
clefault__Fringe: 

Max 3,90*004 ®Nd 12306 
Min 6.36*001 ®Nd5233 


Figure 52. LMSR (left view) von Mises Stress Contour Plot, Max. Stress: 39.0 ksi 
(Inertia Loading, 3 Degree Twist, No Tanks) 


MSCPalran 20001216-M«^01 11:14:42 

Fringe; GRAV_0T_3.SCt, Static Subcase: Stress Tensor *^21 (VONM) 






'close-up) von Mises S 
ng, 3 Degree Twist, N( 









MSC.Palran2000r2 1&^«sy-01 11:14:42 

Fnnge; GRAV_irL.3.SCt Static Subcase: Stress Tensor -At Z1 (VONM) 



36+0011 

ge; 

<3)Nd 1230G 
Min 6.3B+001 ©Nd 5233 


Figure 54. LMSR (close-up) von Mises Stress Contour Plot, Max. Stress: 39.0 ksi 
(Inertia Loading, 3 Degree Twist, No Tanks) 


MSCPolraJi2000t2164.<ay-01 U:U:A2 

Fringe; GRAV_0T_3.SCK Static Subcase Stress Tensor, -Al Z1 (VONM) 



. 36+001 


3 90*00 
3 64*00 
3 38*00 

3i:*oo< 

2 86 * 00 ^ 
2 60*00 
2 34 * 0 ' 

2 08*00 
t 82*00 
t 56*00 
1 30*00 
1 04*00 
7 65*00 
5 25*00 
2 . 66*00 


04 

f 


S.36*00l| 
defauh_Fringe: 

Max 3.90*004 ©Nd 12306 
Min 6.36*001 ©Nd5233 


Figure 55. LMSR (close-up) von Mises Stress Contour Plot, Max. Stress: 39.0 ksi 
(Inertia Loading, 3 Degree Twist, No Tanks) 
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MSC.PotrQn2000r21B-M«^01 10:38:39 

Fringe: GRAVJT.SCI, Static Subcase: Stress Tensor, -At Z2 (VONM) 





4 . 66 -^ 00 - 

4.35400- 

4.04400 

373400 - 

3.424004 

3 . 11400 - 

2 . 80400 - 

2 . 49400 - 

2 . 18400 - 

1 . 87400 - 

1 . 56400 - 

1 . 25400 - 

9.41400: 

6 . 31400 : 

3 . 21400 ' 


1.164002H 
defaulLFringe: 

Max 4.664004 @Nd8812 
Min 1.16+002 ONd 11262 


Figure 56. LMSR (top view) von Mises Stress Contour Plot, Max. Stress: 46.6 ksi 
(Inertia Loading, No Twist, One Tank) 


MSC,Patran20(]Oi21B4^»,^01 '0:38:39 

Fringe: GRAVJT.SCI, Static Subcase: Stress Tensor, -At 22 (VONM) 



9.414003 


6.314003 

3.2l4003|j1 

I.IS 4 OO 2 I 

default_Fringe: 

Max 4.664004 0Nd8B12 
Min 1,164002 ®Nd112B2 


Figure 57. LMSR (bottom view) von Mises Stress Contour Plot, Max. Stress: 46.6 ksi 
(Inertia Loading, No Twist, One Tank) 
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MSCPalrQn2D00r21B-May-D1 1D;38:39 

Fringe: GRAVJT.SC1, Static Subcase: Stress Tensor. -At 22 (VONM) 


..y 

o4i 


4.B6+00' 
435-^OD- 
A.dA*mM 
373’^004_j 



3 . 42-^0041 
3.11-00- 
2.80-00- 
2.49-0041 
2.18-00- 
1.87+00- 
1.5B-00 
1.25-004 
9 41+003 
6.31-oq: 
3.21+0Q31 


1.16+0021 
defoutt_Fringe; 


Max4 6B+004 ®Nd8B12 
Min 1.1B-002®Nd 11262 

Figure 58. LMSR (right view) von Mises Stress Contour Plot, Max. Stress: 46.6 ksi 
(Inertia Loading, No Twist, One Tank) 


MSC,PolTan2000r216-tvlay-D1 10:38:39 

Fnnge: GRAVJT.SCT Static Subcase: Stress Tensor. -At 22 C^ONM) 


..y 

o4i 


4,66+004| 
4.35+00- 
4.04+004 
3.73-004 _| 



3.42+004 

3.11-00 

2.80+00- 

2.49+00 

2.16+00- 

1.87+00- 

1.56+004^ 

1.25-00 

9.41-00 

6.31-00 

3.21-00: 


1.16-002 
defautt_Fringe: 

Max 4 66-004 ®Nd8B12 
Min 1.1B+D02®Nd 11262 


Figure 59. LMSR (left view) von Mises Stress Contour Plot, Max. Stress: 46.6 ksi 
(Inertia Loading, No Twist, One Tank) 
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MSC.Potrain2000r21B-Ma^01 10:38:39 

Fringe: GRAVJT.SC1. Static Subcase: Stress Tensor, -At 22 (VONM) 



,4.04+00«- 


ai 1^004 


detault^Fringe: 
MaxA86+004 @Nd8812 
Min 1.1B+002®Nd 11262 


Figure 60. LMSR (close-up) von Mises Stress Contour Plot, Max. Stress: 46.6 ksi 
(Inertia Loading, No Twist, One Tank) 


MSCPatran 2D00 r21 &Way^]1 11:2<l;52 

Fringe: GRAVJTJ .SCI, Static Subcase: Stress Tensor -At 22 (VONM) 


4.26-^004® 



BAAmxm 

defaulLFnnge: 
Max4.9V004@Nd 2592 
Min 9.44+001 @Nd25 


Figure 61. LMSR (top view) von Mises Stress Contour Plot, Max. Stress: 49.1 ksi 
(Inertia Loading, 1 Degree Twist, One Tank) 
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MSC, Patron 2000 r216-May-01 n;2-1;52 

Fringe: GRAVJTJ .SCI. Static Subcase: Stress Tensor, -At Z2 (VONM) 


4 9U00- 
4,5B^00v 
4.2B'^004ii 





3.93^00- 

3 . 60 -^ 00 ' 

3.20>OO‘ 

2.95^00- 

2.62>00- 

2.30*00 


u 


1.97-^004 


MH 


1 . 32 ’^ 004 | 
9 90+00 
6.63+00: 
3.36+00: 


9>;4+OOl| 
deffiuft_Fringe: 

Max 4.91+004 ®Nd 2592 
Min 9.44+001 ®Nd 25 


Figure 62. LMSR (bottom view) von Mises Stress Contour Plot, Max. Stress: 49.1 ksi 
(Inertia Loading, 1 Degree Twist, One Tank) 


MSC Polran 2000 12 1 11 

Fringe: GRAVJTJ .SCI, Static Subcase: Stress Tensor. ZZ (VONM) 


4.91+00' 

4.58+00 

4.26+00 


i 





3.93+004. 

3.60+004 

3.28+00' 

2.95+00 

2.62+00 

2.30+00' 

1.97+00- 

1.64+00' 

1.32+00 

9.90+00 

6.63+00: 

3.36+00: 


944+0011 
defauH^Fringe: 

Max 4.91+004 ®Nd 2592 
Min 9.44+001 @Nd25 


Figure 63. LMSR (right view) von Mises Stress Contour Plot, Max. Stress: 49.1 ksi 
(Inertia Loading, 1 Degree Twist, One Tank) 
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MSCPatron 2000 r2 1 11:2-1:52 

Fringe: GRAVJTJ .SCI* Stetic Subcase: Stress Tensor. -At Z2 CvCNM) 


9 . 4^+001 
defaulL^^ringe: 
Max<9UOO4 0Nd 2592 
Min 9.^4+001 @Ncl25 


Figure 64. LMSR (left view) von Mises Stress Contour Plot, Max. Stress: 49.1 ksi 
(Inertia Loading, 1 Degree Twist, One Tank) 


MSC.Patran 2000 r216-M(^1 11:24:52 

Fringe: GRAVJTJ .SCI. Static Subcase: Stress Tensor, -At 22 (VONM) 


defauiLrnnge: 

Max <91 ^004 0Nd 2592 
Min 9.4^+001 @Nd25 

Figure 65. LMSR (close-up) von Mises Stress Contour Plot, Max. Stress: 49.1 ksi 
(Inertia Loading, 1 Degree Twist, One Tank) 




















MSCPotran2D00r216-f^ay-0l 11:24:52 

Fringe: GRAVJTJ .SCI. Static Subcase: Stress Tensor 'At Z2 (VONM) 


4.9U00- 

458*00 


S 



44*0011 
defauft^Uge: 

Max 4,91 *004 ®Nd 2592 
M)n9.44+0D1 @Nd 25 


Figure 66. LMSR (close-up) von Mises Stress Contour Plot, Max. Stress: 49.1 ksi 
(Inertia Loading, 1 Degree Twist, One Tank) 


MSCPolran2000r21B-fvlay01 11:34:22 

Fnnge: GRAVJT_3.SC1. StolicSubcase Stress Tensor, Z2 (VONM) 





1.51*002 
defaurt^Fringe: 

Max 5.60*004 ®Nd 2592 
Min 1.51 *002 ®Nd 8733 


Figure 67. LMSR (top view) von Mises Stress Contour Plot, Max. Stress: 56.0 ksi 
(Inertia Loading, 3 Degree Twist, One Tank) 
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MSC.P«3Jr<in2D0Or21B^ylay^01 11:34:22 

Fringe: GRAVJT_3.SC1. Stetic Subcase: Stress Tensor TAtZ2 Cvt)NM) 



1.5U002 
dlefauH;_Fringe: 

Max 5.60+004 @Nd 2592 
Min 151+002 @Nd8733 


Figure 68. LMSR (bottom view) von Mises Stress Contour Plot, Max. Stress: 56.0 ksi 
(Inertia Loading, 3 Degree Twist, One Tank) 


MSC,Patran2000t21B->v(<^1 11:3422 

Fringe: GRAVJT_3.SCU Static Subcase: Stress Tensor “^122 (VONM) 


1 



5.60+00^ 
5.23+00^ 

4.86+Oo42|1 

4.49+00- 
4.11+004 
3.74+00- 
3.37+004 

3.00+00- 
2.62+00- 
2.25+00- 
1 , 88 + 00 - 
151+00- 
1.13+00- 
7.60+00: 
3.B8+00: 


1.51+002 
defaulLFringe: 

Max 5.60+004 (SNd2592 
Min 1.51+002 @Nd8733 


Figure 69. LMSR (right view) von Mises Stress Contour Plot, Max. Stress: 56.0 ksi 
(Inertia Loading, 3 Degree Twist, One Tank) 
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MSC.Potr«m 2000 r2 1 11:3-1:22 

Fringe; GRAVJT_3.SC1, Static Subcase: Stress Tensor. -.AJZ2 (VONM) 
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4.8B+00J 
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3.37+004 
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7.60+00 
3.B8+00 
1.51+00: 
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clefauH_Fringe; 

Max 5.60+004 ®Nd2592 
Min 1.51+002 @Nd8733 


Figure 70. LMSR (left view) von Mises Stress Contour Plot, Max. Stress: 56.0 ksi 
(Inertia Loading, 3 Degree Twist, One Tank) 


MSC.Pottan 2DOO r21 Wjlay-01 11 ;34:22 

Fringe; GRAVJT_3.SC1. Static Subcase: Stress Tensor, ^ 22 (VONM) 



1.51+0021 
defaJult^Fringe: 

Max 5.60+004 ®Nd2592 
Min 1.51+002 @Nd8733 


Figure 71. LMSR (close-up) von Mises Stress Contour Plot, Max. Stress: 56.0 ksi 
(Inertia Loading, 3 Degree Twist, One Tank) 
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MSCPatran2000r2ie4^^^01 11:34:22 

Fringe: GRAVJX.3.SC1. Static Subcase: Stress Tensor, ^22 (VONM) 
























MSCPotran2D00r21B-Mo^D1 10:45:48 

Fnnge: GRAV_2T.SC1. Static Subcase: SiressTensor. •AlZ2 (VONM) 



3 . 09^004 91 
2.5B^004:i£ 


1.04^00-^^ 


5.26’^0D3M 

1.3U0a2| 
defauft_Fringe: 
Mex77U004 ®Nd 8812 
Min 1.31+002 ®Nd4483 


Figure 74. LMSR (bottom view) von Mises Stress Contour Plot, Max. Stress: 77.1 ksi 
(Inertia Loading, No Twist, Two Tanks) 


MSC,Pa»an2000t2 16-May-D1 10:''I5:‘(8 

Fnnge: GRAV_2T.SC1. StaticSubcase: Stress Tensor. -AJ 22 C^NM) 



1.3U002I 
de1auft_Fringe: 
Max7.7l’+004 ®Nd8012 
Min 1.31+002 ®fsld 4483 


Figure 75. LMSR (right view) von Mises Stress Contour Plot, Max. Stress: 77.1 ksi 
(Inertia Loading, No Twist, Two Tanks) 
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MSCPolran 2000 r21 10;-^5:48 

Fringe: GRAV_2T.SC1, Static Subcase: Stress Tensor,-At Z2 (VONM) 



T3U002 
defeulLFringe: 

Max 7.71 *004 (^Nd 8812 
Min 1.31+002 ®Nd44B3 


Figure 76. LMSR (left view) von Mises Stress Contour Plot, Max. Stress: 77.1 ksi 
(Inertia Loading, No Twist, Two Tanks) 


MSC.P«ran 2000 r2 10:-(5;4e 

Fringe: GRAV_2T.SC1, Static Subcase: Stress Tensor.-At Z2 (VONM) 



Figure 77. LMSR (close-up) von Mises Stress Contour Plot, Max. Stress 
(Inertia Loading, No Twist, Two Tanks) 


£.1.31 *003 
ige: j 

Mox7.71-00'1®Nd8B12 
Min 1.31 *002 ®Nd <MB3 

77.1 ksi 
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MSC.Petran 2000 r2 1 B-Moy-01 11 :A2:SS 

Fringe: GRAV_2T_1 SCI, Static Subcase Stress Tensor -At 22 (VONM) 



8,24-^OOli 
defauft_Fringe; 

Max 7.89*004 ®Nd 2B92 
Min 8.24*001 @Nd 8542 


Figure 78. LMSR (top view) von Mises Stress Contour Plot, Max. Stress: 78.9 ksi 
(Inertia Loading, 1 Degree Twist, Two Tanks) 


MSC,Polran2000r21B-May-D1 11:42:55 

Fringe: GRAV_2TJ.SC1, Static Subcase Stress Tensor -At 22 (VONM) 


7 89*004l 

7 36*00 

6-04*0041. 

6.31*00' 

5.78*0041 

5.26*00' 





4.73*004 
4.21*00 
3.68*00 
3.16*00 
2 . 63 * 00 ^ 
2 . 11*00 
1 58*00 
1.06*00' 
5.33*00; 


8.24*0011 
default_Fringe: 

Max 7.89*004 @Nd2592 
Min 8.24+001 ®Nd8542 


Figure 79. LMSR (bottom view) von Mises Stress Contour Plot, Max. Stress: 78.9 ksi 
(Inertia Loading, 1 Degree Twist, Two Tanks) 
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MSCPeJran 2000 rZ 1 &4wi<sy^1 t1:42:55 

Fringe: GRAVL2TJ .SCI, Stclic Subcaise: Stress T ensor, -At Z2 (VONM) 




7.69-^00- 
7.3B+00^ 
6.8^'^DO- 
6.3U00^ 
5 .? 8-^004 
5.26^00' 
4.73+00^ 


1 



8.2^<^001H 

default_Fringe: 

Max 7.B9>004@Nd 2592 
Min 8.24+001 @Nd8542 


Figure 80. LMSR (right view) von Mises.Stress Contour Plot, Max. Stress: 78.9 ksi 
(Inertia Loading, 1 Degree Twist, Two Tanks) 


MSCPotran 2000 r216-M^1 11:4255 

Fringe: GRAV_2TJ .SCI, Static Subcase: Stress Tensor, At 22 (VONM) 


•L 

O^H 


7.89+00< 
7.36+004 
6.84+00^ 
6.31+00- 



5.78+00' 

5.26-00' 

4.73+00' 

4.21+00 

3.68+00< 

3.16+00' 

2.63+00' 

2 . 11 + 00 ' 

1.58+00' 

1.08+00' 

5.33+00^ 




m 


8.24+0011 
defau}t_Fringe: 

Max 7.89+004 ®Nd 2592 
Min 8.24+001 @Nd8542 


Figure 81. LMSR (left view) von Mises Stress Contour Plot, Max. Stress: 78.9 ksi 
(Inertia Loading, 1 Degree Twist, Two Tanks) 
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MSC,Pntrmi20QOr21G4^cy-01 U:A2:SS 

Fnnge; GF<AV_2TJ.SC1, Static Subcase: Stress Tensor, -A1Z2 (VONM) 



3 . 24+0011 
ge: : 

Max 7.89+004 ®Nd 2592 
Min8.24+0D1 @Nd8542 


Figure 82. LMSR (close-up) von Mises Stress Contour Plot, Max. Stress: 78.9 ksi 
(Inertia Loading, 1 Degree Twist, Two Tanks) 


MSCPo)ran 2000r216-Mo>-01 n:-12:55 

Fringe- GRAV_2T_1.SC1, Static Subcase Stress Tensor,-At Z2 (VONM) 



8.24+0011 
’default.Fringe: 

Max 7.89+004 @Nd2592 
Min 8.24+001 ®Nd8542 


Figure 83. LMSR (close-up) von Mises Stress Contour Plot, Max. Stress: 78.9 ksi 
(Inertia Loading, 1 Degree Twist, Two Tanks) 
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MSC.Pc£tr<in 2D00 r21 11:50:37 

Fringe: GRAV_2T-3,SC1, Stoiic Subcase: Stress Tensor. ^22 (VXDNM) 


aouoo* 

7AAm> 

6 . 29 *^ 004 ! 

5.72^00' 



5.15^^00- 

^.Dl+OO-i 

3AAm 

z.3om^ 

1.73«^fl0- 

5.83+00' 


1.22-^002l 

defeulLFringe: 

Max 8.58+004 @Nd 2592 
Min 1.22+002 @Nd43 


Figure 84. LMSR (top view) von Mises Stress Contour Plot, Max. Stress: 85.8 ksi 
(Inertia Loading, 3 Degree Twist, Two Tanks) 


MSCPotron 2000 r21644(^-0111:50:37 

Fringe: GRAV_2T_3.SC1. Static Subcase: Stress Tensor. 22 (VONM) 


8.58+00- 

8 . 01 + 00 - 


7.44+00#-' 


i 



6.87+00- 

6.29+0041 

5.72+00- 

5.15+00- 

4.5B+00 

4.01+00- 


1 


>002 


3.44+004 


2.87+004 
2.30+004 
1.73+004 
1.15+004 
5 . 83 + 003 ^'^' 


1.22+002 
defauK^Ffinge; 

Max 8.58+004 @Nd 2592 
Min 1.22+002 @Nd43 


Figure 85. LMSR (bottom view) von Mises Stress Contour Plot, Max. Stress: 85.8 ksi 
(Inertia Loading, 3 Degree Twist, Two Tanks) 
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MSC.Patr<an 2000 r2 11:50:37 

Fringe: GRAV_2T.3.SC1, Static Subcase: Stress Tensor (VONM) 





8.58+00 
8,01 +00. 
7.44+00 
6.B7+004. 
6.29+004 
5.72+00' 
5.15+00' 
4.58+00' 

4.01 +OO 4 B 
3.44+OoA 
2.87+OO4H 
2.3O+OO4I 
173+004I 
1.15+Ood 
5 . 83 +OO 3 L. 


1.22+002H 

defaurt_Fringe: 

Wax 8,50+004 ®Nd 2592 
Mim.22+002@Nd 43 


Figure 86. LMSR (right view) von Mises Stress Contour Plot, Max. Stress; 85.8 ksi 
(Inertia Loading, 3 Degree T'wist, Two Tanks) 


MSC Potran 2000 r216-Mo>^D1 11 ;50;37 

Fringe: GRAV_2T_3.SC1, Static Subcase' Stress Tensor ^22 Cv^NM) 



2 

/_X 




8.58+00 

8 , 01+00 

7.44+0041 

6.87+00' 

6.29+0041 

5.72+00' 

5.15+00' 

4.58+00' 

4.01 +00 

3.44+00 

2.87+00 

2.30+00 

1.73+00' 

1.15+00 

5.83+00 


1.22+002 
defou}t_Fringe: 

Max 8.58+004 @Nd 2592 
Mrn 1.22+002 @Nd 43 


Figure 87. LMSR (left view) von Mises Stress Contour Plot, Max. Stress: 85.8 ksi 
(Inertia Loading, 3 Degree T'wist, Two Tanks) 
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MSCP?3tr«Ji 2000 r216-May<31 11:50:37 

Fringe; GRAVL2T_3.SC1> Static Subcase: Stress Tensor -M 22 fVONM) 



Max 8!58*lm4®Nd 2592^ 
Mini 22+002 @Ndl 43 

Figure 88. LMSR (close-up) von Mises Stress Contour Plot, Max. Stress: 85.8 ksi 
(Inertia Loading, 3 Degree Twist, Two Tanks) 


MSC Patron 2000 r2 1 B-MayOl 11:50;37 

Fringe: GRAiV„2T_3.SC1, Static Subcase: Stress Tensor-At 22 ^riDNM) 



1.22+OOa 
defaulLFringe: 

Max 8.58+004 ®Nd2592 
Mini 22+002 @Nd 43 


Figure 89. LMSR (close-up) von Mises Stress Contour Plot, Max. Stress: 85.8 ksi 
(Inertia Loading, 3 Degree Twist, Two Tanks) 


59 















2. Cape T Stern Ramp 

The Cape T stem ramp analyses were conducted with the same boundary 
conditions as the LMSR stem ramp (restrained in the three translational DOF at the ship 
end and the vertical DOF at the RRDF end). Twist angles between the RRDF and ship 
of zero, one, and three degrees were considered. Maximum von Mises stress contour 
plots were generated with PATRAN and are displayed in Figures 90 through 140. 


MSC.Potran2000r217-Moy01 14:00:57 

Fringe: CT_0T_D.SC1, Static Subcase: Stress Tensor, -Al Z1 (VONN^) 



default_Fnnge. 
M®(9.34*007©Nd^l091 
Min 4.63^003 ®Nd 24440 


Figure 90. Cape T (top view) von Mises Stress Contour Plot, Max. Stress; 13.5 ksi 
(Inertia Loading, No Twist, No Tanks) 
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MSC.P«strain2000r217-M«y^1 H:00:57 

Fringe: CT^OX-O.SCI, Static Subcase: Stress Tensor, -At Z1 (VONM) 



4.62'*'003l 
ciefault,Friage: 

Max 9^34+007 @Nd 41091 
Min 4,63+003 ®Nd 24440 


Figure 91. Cape T (bottom view) von Mises Stress Contour Plot, Max. Stress: 13.5 ksi 
(Inertia Loading, No Twist, No Tanks) 


MSC.Psttan 200012 17-Msy^)1 14:00:57 

Fringe: CT_0T_0.SC1, Static Subcase: Stress Tensor, -At Zl (VONM) 





9.34+00: 

872+00: 
8.10+007 
7.48+007 J 
6.85+007 
6.23+007 
5.61+007 H 
4.98+007 
4.36 

3.74+00: 
3.12+00: 

2.49+00: 

1.87+00: 
1.25+00: 
6.23+0( 


4.62+0031 
ciefault,Fringe: 

Max 9.34+007 ®Nd 41091 
Min 4.63+003 ®Nd 24440 


Figure 92. Cape T (left view) von Mises Stress Contour Plot, Max. Stress: 13.5 ksi 
(Inertia Loading, No Twist, No Tanks) 
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Figure 96. Cape T (close-up) von Mises Stress Contour Plot, Max. Stress: 13.5 ksi 
(Inertia Loading, No Twist, No Tanks) 
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MSCPi5trflin2000r2l7-M«y-01 M:00;57 

Fringe: CT_OT__O.SCL Static Subcase: Stress Tensor. -At Z1 (VONM) 



^ Min A 

Figure 97. Cape T (close-up) von Mises Stress Contour Plot, Max. Stress: 13.5 ksi 
(Inertia Loading, No Twist, No Tanks) 


MSCPo(ian2000r217-Ma>KI1 14:12:13 

Fnnge: CT_0T_1 .SCI, Static Subcase: Stress Tensor. -At Z1 (VONM) 


i 


1.164001 
I.OS+OOi 
l.OO+OOSL 
9.264007L_ 



5.1140031 
default^Fringe: 

Max 1.164008 (s)Nd 1162: 
Min5 1?4.nn3(aNri?fififl4 


Figure 98. Cape T (top view) von Mises Stress Contour Plot, Max. Stress: 16.8 ksi 
(Inertia Loading, 1 Degree Twist, No Tanks) 
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MSCPotr«in2000r2 H:12:19 

Fringe: CT^OX-I .SC1, Static Subcase: Stress Tensor, *At Z1 (VONM) 



6.94+007^ 


s.iuooa 

default_Fringe: 

Max 116+008 ®Nd 1162; 
Min?i17+nni<o>Nr!?RfiR4 


Figure 99. Cape T (bottom view) von Mises Stress Contour Plot, Max. Stress: 16.8 ksi 
(Inertia Loading, 1 Degree Twist, No Tanks) 


MSC.Palran 2000 r217-M5y^)1 H:12;19 

Fringe: Cr_0T_1 .SC1, Static Subcase: Stress Tensor, -At Z1 (VONM) 



5.11+003 
defautt_Fringe: 

Max 116+008 <s)Nd 1162; 
..Min517tnn3TSNri ?RfiB4 


Figure 100. Cape T (left view) von Mises Stress Contour Plot, Max. Stress: 16.8 ksi 
(Inertia Loading, 1 Degree Twist, No Tanks) 
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MSC,Pi5tran2000r217-May^1 1^:12:19 

Fnnge: CT_0T_1 .SCI. Static Subcase: Stress Tensor -Ai Z1 (VONM) 


£ 


1.164001 
I.OS+OOl 

m 

1.00+008!^ 

9.264007__ 




2+003 



S.IWOGBH 
default_Fringe: 

Max 1.164008 ®Ndl1G2; 
MinR 


Figure 101. Cape T (right view) von Mises Stress Contour Plot, Max. Stress: 16.8 ksi 
(Inertia Loading, 1 Degree Twist, No Tanks) 


MSCPotran2000r217-Mav^CI1 14:12:19 

Fnnge: CT_0T J .SCI. Static Subcase: Stress Tensor -At Z1 (VONM) 



Figure 102. Cape T (close-up) von Mises Stress Contour Plot, Max. Stress: 
(Inertia Loading, 1 Degree Twist, No Tanks) 


®Ndll621 
iNti 7RfiR4 

16.8 ksi 
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MSCPotron 2000 r2 17-May-Ol H:24:38 

Fringe: Cr_0T_3.SC1, Static Subcase: Stress Tensor 'At Z1 (VONM) 



6.52-^0031 
defatilt_Fringe; 

Max 3 52+008 ®Nd 11627 
Min 6.51+003 ®Nd 24^60 


Figure 105. Cape T (top view) von Mises Stress Contour Plot, Max. Stress: 51.1 ksi 
(Inertia Loading, 3 Degree Twist, No Tanks) 


MSCPattan 2000 r21 7 ->j(o>^01 14:24:38 

Fnnge: CT_0T_3,SC1. Static Subcase: Stress Tensor -At Z1 (VONM) 



6.52+0031 
defautt^Fringe: 

Max 3.52+008 ®Nd 1162? 
Min 6.51+003 ®Nd 24^60 


Figure 106. Cape T (bottom view) von Mises Stress Contour Plot, Max. Stress: 51.1 ksi 
(Inertia Loading, 3 Degree Twist, No Tanks) 
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MSC.Patraii20fl0r217*Wcy^114:24:38 

Fringe: CT^CHIS SCI, Static Subcase: Stress Tensor. -At 21 (VONM) 



6 . 52*»-003 
delault^Pringe: 

Max 3.52-^008 ®Nd 11S27 
Min 6.51-KDfl3®Nd244B0 


Figure 107. Cape T (left view) von Mises Stress Contour Plot, Max. Stress: 51.1 ksi 
(Inertia Loading, 3 Degree Twist, No Tanks) 


MSC-Pstran 2000 rZ H:2<);38 

Fringe: CT_0T_3.SC1. Static Subcase: Stress Tensor. -At 21 (VONM) 



1+003 



1.88^0081 

I.e^^COi 

1.41+01 

1.17+00! 

9.39+00: 

7.04+flO: 

4.70+00: 

2.35+00: 




6.52+003 
default.Fringe: 

Max 3.52+008 ®Nd 1162? 
Min 6.51+003 ®Nd244B0 


Figure 108. Cape T (right view) von Mises Stress Contour Plot, Max. Stress: 51.1 ksi 
(Inertia Loading, 3 Degree Twist, No Tanks) 
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Figure 110. Cape T (close-up) von Mises Stress Contour Plot, Max. Stress: 51.1 ksi 


(Inertia Loading, 3 Degree Twist, No Tanks) 
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MSC.PoJran2000r217-Mcy<J1 H:32:28 

Fringe: CTJX-O.SCt Static Subcase: Stress Tensor. -AJ 21 (VONM) 



MM 


523^003H 
d8fault.Fringe: 
Max3.4^+008®Ncl 11865 
Min 5.28+003 ®Nd266B^ 


Figure 111. Cape T (top view) von Mises Stress Contour Plot, Max. Stress: 49.9 ksi 
(Inertia Loading, No Twist, One Tank) 


MSC.FWran 2000 r217’Ma>^01 14:32:28 

Fringe: CTJT^O.SCI. Static Subcase: Stress Tensor. -At 21 (VONM) 



5.23+003 
default.Fringe: 

Max 3.44+008 (DNd 11665 
Min 5.28+003 ®Nd266B4 


Figure 112. Cape T (bottom view) von Mises Stress Contour Plot, Max. Stress: 49.9 ksi 
(Inertia Loading, No Twist, One Tank) 
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MSC.Pettran2000r2174v«oy-01 1432:28 

Fringe: CT_1T_0.SC1, Static Subcase: Stress Tensor -AJ Z1 (VONM) 




3A4+001 
3 22'^00l 
2.99^008 
276+008 _4 
2.53+008 
2.30+001 
2.07+008|_J 



1.9^+008 
1.61 +008 
1-3B+001 
1.15+008! 
9.19+00 
8 69+0071 
453+00 
2.30+00?! 


5.23+0031 
default_FringG; 

Max 3 ^1+008 ®Nd 11865 
Min5.2B+D03 @Nd266B^ 


Figure 113. Cape T (left view) von Mises Stress Contour Plot, Max. Stress; 49.9 ksi 
(Inertia Loading, No Twist, One Tank) 


MSCPolran2000r2174.(a>-01 14:32:28 

Fringe: Crr_lT_0,SCT Static Subcase: Stress Tensor *A121 (VONM) 



8+003 



1.84+0081 
1.61 +001 
1.38+008] 
1.15+001 
9.19+007] 
6,89+00 
459+00' 
2.30+00; 


5.23+003 
d8fautt_Fringe: 

Max 3 44+008 ®Nd 11665 
Min 5.28+003 ®Nd266B4 


Figure 114. Cape T (right view) von Mises Stress Contour Plot, Max. Stress: 49.9 ksi 
(Inertia Loading, No Twist, One Tank) 
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MSCPatran2000r217>W<V^1 H:32:28 

Fringe: CTJX-O.SCI. Static Subcase: Stress Tensor. 



Figure 115. Cape T (close-up) von Mises Stress Contour Plot, Max. Stress: 49.9 ksi 
(Inertia Loading, No Twist, One Tank) 


MSaPatron 2000 r217-May01 14:33;04 

Fringe; CTJ T_1 .SC1, Static Subcase: Stress Tensor. -Al Z1 (VONM) 



5.^5+003 
defauh^Fringe; 

Max 3.45+008 ®Nd11665 
Min 5.44+003 ®Nd 24335 


Figure 116. Cape T (top view) von Mises Stress Contour Plot, Max. Stress: 50.1 ksi 
(Inertia Loading, 1 Degree Twist, One Tank) 


73 















































MSC.Pjatran 20QO r217-Mo>^01 14:39:0^ 

Fringe: CTJTJ .SCI, Static Subcase: Stress Tensor. -At Z1 (VONM) 


.=y 

oaH 



ucsy 

oJI 


3 .-^ 5400 ; 
3,22*00l 
2.99-^DOi 
2.76*008L__j 
2.53+008 
2.30+001 
2.07+008 
1.0^+008 
1.61+001 
1-38+008 
1.15+008 
9.20+007 
690+007 
4B0+0Q; 
2.30+00 


5.-15+003 
defQutt_Fringe: 

Max 3.45+008 <3)Nd11665 
Min 5.44+003 ®Nd 24335 


Figure 117. Cape T (bottom view) von Mises Stress Contour Plot, Max. Stress: 50.1 ksi 
(Inertia Loading, 1 Degree Twist, One Tank) 


MSC Patron 200012 17-May^Ol 14:39:04 

Fringe: CT_1T_1 .SCI, Static Subcase: Stress Tensor. -At Z1 (VONM) 




3.45+0081 
3,22+flO; 
2.99+008 iil 
2.76+008 _] 
2.53+008 
2.30+001 
2.07+00^ 



1,04+0081 

1.B1 +001 

1.3B+00I 

1.15+001 

9.20+00' 

6.90+00 

4.60+00 

2.30+00 


5.45+003 
defautt^Fringe: 

Max 3.45+008 ®Nd116B5 
Min 5.44+003 ®Nd 24335 


Figure 118. Cape T (left view) von Mises Stress Contour Plot, Max. Stress: 50.1 ksi 
(Inertia Loading, 1 Degree Twist, One Tank) 
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MSCPotron 2000 r2 17-Way^1 1*1:47:00 

Fringe; CT_1T_3,SC1. Static Subcase: Stress Tensor, -At Z1 (VONM) 




M 


3.55*008| 
3.23^00; 

2.91'►008. 
2,58-008 
2.2G-001 
1.94+001 

i.ez+DoeW 

1.29+0081 
9,B9+007| 
6.46+007 
3.23+007 


4.92+003 
defautt_Fringe; 

Max 4 85+008 ®Nd 11875 
Min 4,85+003 @Nd 24335 


Figure 121. Cape T (top view) von Mises Stress Contour Plot, Max. Stress: 70.3 ksi 
(Inertia Loading, 3 Degree Twist, One Tank) 


MSCPotran2000r2174^?^01 H:47;00 

Fnnge: CTJT_3.SC1, Static Subcase: Stress Tensor, -At 21 (VONM) 



4.92+003 
defautt^Fiinge: 

Max 4 85+008 ®Nd 11075 
Min 4.85+003 ®Nd 24335 


Figure 122. Cape T (bottom view) von Mises Stress Contour Plot, Max. Stress: 70.3 ksi 
(Inertia Loading, 3 Degree Twist, One Tank) 
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MSCPofron 2000 r217-W«y-01 H;52:59 

Fringe: Crr_2T-0.SC1. Static Subcase: Stress Tensor. -Al Z1 (S/ONM) 



ii 


3.35+OOa 
ciefault.Fringe: 
Mox3>5B+008@Ndl1SB5 
Min 3.33'*'D03®Nd 26556 


Figure 127. Cape T (bottom view) von Mises Stress Contour Plot, Max. Stress: 51.6 ksi 
(Inertia Loading, No Twist, Two Tanks) 


MSC.PBiran20a0r2 1452:59 

Fringe: Crr_2T_0.SC1. Static Subcase: Stress Tensor. -At Z1 (VXDNM) 





3.56+001 
3.32+001 
3.08+008pil 
2.85+001 
2.61+00^ 
2-37'^00l 
2.13+00811 
1.30-^008 
1.66>00l 
1.42+001 
1,19+001 
3.49+00: 
7.11+flO: 
4 . 74 ^ 00 : 


mi 


2.37+00: 




3.35+003 
default^Fringe: 

Max 3.56+008 ®Nd116B5 
Min 3.33+003 @Nd 26556 


Figure 128. Cape T (left view) von Mises Stress Contour Plot, Max. Stress: 51.6 ksi 
(Inertia Loading, No Twist, Two Tanks) 
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MSC.Potrttn20a0r217"M«sy-01 \A:S2:S9 

Fringe: CT,2T_0.SC1, Static Subcase: Stress Tensor, -Al Z1 (VONM) 


J.bb+UUl 


. 33^003 


3 32*001 

3.0B*008l 

2.B5»008 


M 



2.61*0081 

2.37^00i 

2.13*008. 

1.90*008 

1 . 66*001 

^1.42*00i 

1.19*001 

9,^9*oo: 

711*007j 

474*00 

2.37*0071 


1 


3.35*003 
default^Fringe: 

Max 3 56*008 ®Nd 11665 
Min 3.33*003 ®Nd 26556 


Figure 129. Cape T (right view) von Mises Stress Contour Plot, Max. Stress: 51.6 ksi 
(Inertia Loading, No Twist, Two Tanks) 



Figure 130. Cape T (close-up) von Mises Stress Contour Plot, Max. Stress: 51.6 ksi 
(Inertia Loading, No Twist, Two Tanks) 













































MSCPotran 2000 r217-M^I H:59;00 

Fringe: CTJ2JJ .SCI. Static Subcase: Stress Tensor. -At Z1 (VONM) 



2 . 97'*^003 
default^Fringe: 

Max 356+008 @Nd116S5 
Min 2.99+003 ®Nd 26556 


Figure 131. Cape T (top view) von Mises Stress Contour Plot, Max. Stress: 51.6 ksi 
(Inertia Loading, 1 Degree Twist, Two Tanks) 


MSC.Palran 2000 r2174<(ay-01 14:59:00 

Fringe; Cr_2T_1 ,SC1. Static Subcase: Stress Tensor. -At 21 (VONM) 
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Ji 

2.38+007ra 


2.97+003H 
default_Fringe: 

Max 356+008 ®Nd11665 
Min 2.99+003 ®Nd 26556 


Figure 132. Cape T (bottom view) von Mises Stress Contour Plot, Max. Stress: 51.6 ksi 
(Inertia Loading, 1 Degree Twist, Two Tanks) 
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MSC.Peitran2D00r217-May-01 14:59:00 

Fringe: CT_2TJ .SC1. Static Subcase: Stress Tensor. -At Z1 (VONM) 




3.09^008^ 


2.85-^008__J 
2,61-^008 

2.38- 008 
2.14-008. 
1.90-008 
1 . 66-001 
1.43-0081 
1.19-OOJ 
9.50-0071 
7.13-007 
4.75-OQ 

2.38- 00: 


2.97-003 
default_Fringe: 

Max 3 56-008 ®Nd 11665 
Mtn 2,99-003 ®Nd 26556 


Figure 133. Cape T (left view) von Mises Stress Contour Plot, Max. Stress: 51.6 ksi 
(Inertia Loading, 1 Degree Twist, Two Tanks) 


MSCPBlran2DOOi217-May^01 14:59:00 

Fringe: CT_2T_1 .SC1. Static Subcase: Stress Tensor, -Ai Z1 (VONM) 
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3,33-008 
3.09-008 
2.B5-008_4 
2.61-008 

2.38-001 
2.14-008L 
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‘OUJ 
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i2.99^'003 



1.90-0081 
1 . 68-001 
1.43-001 
1 . 19 - 008^^^1 
9.50-00 
713-00 
4.75-00: 

2.38-00: 


2.97-003 
de!ault_Fringe; 

Max 3 56-008 ®Nd 11665 
Min 2.99-003 ®Nd 26556 


Figure 134. Cape T (right view) von Mises Stress Contour Plot, Max. Stress: 51.6 ksi 
(Inertia Loading, 1 Degree Twist, Two Tanks) 


82 



MSaPetram 2000 r21 H:59:00 

Fringe: CTJ2JJI .SC1. Static Subcase: Stress Tensor, -At Z1 (VONM) 


3.56 














M5C.Patr«in2000r2174^ay^01 15:04:59 

Fnnge: CT_2T_3.SC1. Static Subcase: Stress Tensor. -AlZl (VONM) 




i< 


2,61+0031 
defautt^Fringe; 

Max 4,59+008 ®Nd 11875 
Min 2,52+003 ®Nd 26556 


Figure 137. Cape T (bottom view) von Mises Stress Contour Plot, Max. Stress: 66.6 ksi 
(Inertia Loading, 3 Degree Twist, Two Tanks) 


MSC.PoOan 2000 r2 17-Ma>^Dt 15:04:59 

Fringe: CT_2T_3.SC1. Static Subcase: Stress Tensor, -At 21 (VONM) 
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default^Fringe: 

Max 4 59+008 <SNd 11875 
Min 2.52+003 ©Nd 26556 


Figure 138. Cape T (left view) von Mises Stress Contour Plot, Max. Stress: 66.6 ksi 
(Inertia Loading, 3 Degree Twist, Two Tanks) 
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Figure 140. Cape T (close-up) von Mises Stress Contour Plot, Max. Stress: 66.6 ksi 


(Inertia Loading, 3 Degree Twist, Two Tanks) 
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3. Cape H Stern Ramp 

The Cape H stem ramp analyses were conducted with boundary conditions 
similar to the Cape T and LMSR stem ramps (restrained in the three translational DOF 
at the ship end and the vertical DOF at the RRDF end). The Cape H ramp is an 
asymmetric design that is angled when deployed for RORO operations. Twist angles 
between the RRDF and ship of zero, one, and three degrees were considered. 
Maximum von Mises stress contour plots were generated with PATRAN and are 
displayed in Figures 141 through 192. 


MSC.Potran 2D00 r217-MayH]1 09:50:10 

Fringe; GRAV^OT.SCI, Static Subcase: Stress Tensor, (VONM) 


X 

I 

Y_£ 



t D3*002fli 
defauh^Fnnge 
Maxi 55^005(5Md 19442 
Min 1.03^002 ®Nd 20016 


Figure 141. Cape H (top view) von Mises Stress Contour Plot, Max. Stress: 22.5 ksi 
(Inertia Loading, No Twist, No Tanks) 
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MSCPo&an 2000 r21 09:50:10 

Fringe: GRAV^OT.SCI, Static Subcase: Stress Tensor. -Al 22 (VONM) 



T03+002i 
defaulCFringe: 

Max t55«^O05®Nd 19^42 
Min 1.03-^002 ®Nd 20018 


Figure 142. Cape H (bottom view) von Mises Stress Contour Plot, Max. Stress: 22.5 ksi 
(Inertia Loading, No Twist, No Tanks) 


MSC.Palran 2000 r217-M!5M)1 03:50:10 

Fringe: GRAVLOT.SCl. Static Subcase: Stress Tensor. -At 22 (VONM) 



1.03+0021 
defauft^Fringe; 

Max 1.55+005 ®Nd 19442 
Min 1.03+002 ®Nd20016 


Figiue 143. Cape H (left view) von Mises Stress Contour Plot, Max. Stress: 22.5 ksi 
(Inertia Loading, No Twist, No Tanks) 
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1.34+0051 


1.24+005_ 
1,14+005. 


1.03+0051 
9.30+004 _ 


8.27+00- 















i,o3+ooa 
defaulLFringe: 

Max 1.55+005 ®Nd19442 
Min 1.03+002 ®Nd20016 

Figure 146. Cape H (close-up) von Mises Stress Contour Plot, Max. Stress: 22.5 ksi 
(Inertia Loading, No Twist, No Tanks) 


MSC,PBlran20flOr217-M^1 11:41:05 

Fringe: GRAV^OTJ .SCt Static Subcase: Stress Tensor *At 22(VONM) 



8.24+0011 
d8fautt.Fringe: 

Maxi 79+005 ®Nd 16856 
Min 8.24+001 ®Nd20016 


Figure 147. Cape H (top view) von Mises Stress Contour Plot, Max. Stress: 26.0 ksi 
(Inertia Loading, 1 Degree Twist, No Tanks) 
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MSC.Potran 2000 r2 1?~May-01 11:41:05 

Fringe: GRAV_0TJ .SCI, Static Subcase: Stress Tensor. -At 22(VONM) 



8.24+0011 
clefautt_FringG: 

Max 179+005 ®Nd 16856 
MinB.24^001 ®Nd20016 


Figure 148. Cape H (bottom view) von Mises Stress Contour Plot, Max. Stress; 26.0 ksi 
(Inertia Loading, 1 Degree Twist, No Tanks) 


MSC,Polian2000t217-Moy^01 11:41:05 

Fnnge; GRAV_0TJ.SC1, Static Subcase: Stress Tensor,-Ai22(VONM) 
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1 . 20 + 00 ' 


8.24+0011 
default Fringe: 

Max 179+005 ®Nd 16856 
Min 8.24+001 ®Nd20016 


Figure 149. Cape H (left view) von Mises Stress Contour Plot, Max. Stress: 26.0 ksi 
(Inertia Loading, 1 Degree Twist, No Tanks) 
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MSC.Patr«n 2000 12 111 :A) ;05 

Fringe: GRAVLOTJ .SCI. Static Subcase: Stress Tensor Z2(VONM) 


f 

L 



8.2^+0011 
defeuft^Fringe: 

Max 1.79+005 0Nd 16856 
Min 8.24+001 ®Nd20016 


Figure 150. Cape H (right view) von Mises Stress Contour Plot, Max. Stress: 26.0 ksi 
(Inertia Loading, 1 Degree Twist, No Tanks) 


MSC.Ptflran 2000 r217^^ay^01 11 :-n :05 

Fringe: GRAV_0TJ .SCI. Static Subcase; Stress Tensor -At Z2(VONM) 



8,24+0011 
defaulLPringe: 

Maxi 79+005 @Nd 16858 
Min 8.24+001 ®Nd20016 


Figure 151. Cape H (close-up) von Mises Stress Contour Plot, Max. Stress: 26.0 ksi 
(Inertia Loading, 1 Degree Twist, No Tanks) 
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8 2^-^0011 
defauft_Fringe; 

Maxi 79+005©Nd 16856 
Min 8,24^001 ®Nd 20016 


Figure 152. Cape H (close-up) von Mises Stress Contour Plot, Max. Stress: 26.0 ksi 
(Inertia Loading, 1 Degree Twist, No Tanks) 


MSCPo4tan2000r217.May-01 11:55:01 

Fnnge' GRAV_0T_3,SC1. StaticSubcase Stress Tensor (VONM) 



1 . 21+0021 
default Fringe: 

Max 3.03+005 ®Nd 7085 
Min 1.21 ^002 ®Nd20017 


Figure 153. Cape H (top view) von Mises Stress Contour Plot, Max. Stress: 44.7 ksi 
(Inertia Loading, 3 Degree Twist, No Tanks) 






MSCPotrain 2000 t2 1744ay-01 11:55:01 

Fringe: GRA\C0T_3.SCt Static Subcase: Stress Tensor. -At Z1 (VONM) 



IZHOOa 
defauiLFfinge: 

Max 3.03*005 @Nd 7085 
Min 1.21 *002 @Nd20017 


Figure 154. Cape H (bottom view) von Mises Stress Contour Plot, Max. Stress: 44.7 ksi 
(Inertia Loading, 3 Degree Twist, No Tanks) 


MSCPatran 2000 tZ 17-May01 11:55;01 

Fringe: GRAV_0T_3.SC1, SteticSubcase; Stress Tensor, -At 21 fvTDNM} 
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default^Fringe: 

Max 3.03*005 @Nd 7085 
Min1.21 *002 ®Nd 20017 


Figure 155. Cape H (left view) von Mises Stress Contour Plot, Max. Stress: 44.7 ksi 
(Inertia Loading, 3 Degree Twist, No Tanks) 
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MSC.Potroji 2000 r2 174^8^01 11:55:01 

Fringe: GRAV_Crr_3.SC1, Stoiic Subcase; Stress Tensor -At Z1 fvt)NM) 



(Inertia Loading, 3 Degree Twist, No Tanks) 
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MSCPaJr«n 2000 1217-Mccy01 11:55:01 

Fringe: GRAV10T-.3.SC1, Static Subcase: Stress Tensor, -At 21 (VONM) 
























MSCPatrQn2000r21?-May^01 10:06:05 

Fringe: GRAVJT.0.SC1. Static Subcase: Stress Tensor, ^Z1 fv/ONM) 



1.29>002l 
clefQult_Fringe: 
Max2.20+005ONdH753 
Mini.29+002 ®Nd 20035 


Figure 160. Cape H (bottom view) von Mises Stress Contour Plot, Max. Stress: 31.9 ksi 
(Inertia Loading, No Twist, One Tank) 


MSC.P«ran2000r217-Moy>-01 10:07:35 

Fringe: GRAVJT_0.SC1, Static Subcase Stress Tensor *Al Z1 (VONM) 
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1.29+002! 
defautt_Fring 0 : 

Max 2.20+005 ®Nd 14753 
Min 1.29+002 ®Nd 20035 


Figure 161. Cape H (left view) von Mises Stress Contour Plot, Max. Stress: 31.9 ksi 
(Inertia Loading, No Twist, One Tank) 
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MSC.Pofran 2D00r2 17*Way^1 n;08;34 

Fringe: GRAV_1T_1 .SCI, Static Subcase: Stress Tensor -AX ZZ (VONM) 


2.‘1UOO' 
225+OOi 
2.09*005|<*i. 





1.73+002 
default^Fringe; 

Max2 4l'+005®Nd1685B 
Min 1.73+002 ®Nd 20034 


Figure 164. Cape H (top view) von Mises Stress Contour Plot, Max. Stress: 35.0 ksi 
(Inertia Loading, 1 Degree Twist, One Tank) 


MSC Patron 2000 r2 1 7->Aa/-m 11:0e:34 

Fringe: GRAYJT_1.SCI, Static Subcase: Stress Tensor,-At Z2 (VONM) 



1.73+0021 
default_Fringe: 

Mox 2.41+005 @Ndl605B 
Minl.73+D02®Nd 20034 


Figure 165. Cape H (bottom view) von Mises Stress Contour Plot, Max. Stress: 35.0 ksi 
(Inertia Loading, 1 Degree Twist, One Tank) 
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MSC.Petrm^ 2000 r2112:08:07 

Fringe: GRAVJX-.3.SCL Static Subcase: Stress Tensor -At 21 (VONM) 



2 . 22^002 
defautt_Fringe: 

Max 3.47+005 @Nd 7085 
Mm 2.22+002 <iNd 20018 


Figure 170. Cape H (bottom view) von Mises Stress Contour Plot, Max. Stress; 50.3 ksi 
(Inertia Loading, 3 Degree Twist, One Tank) 


MSCFWran 20001217-May<l112:00:07 

Fringe: GRAVJT.3.SCT Static Subcase: Stress Tensor, -At 21 (vDNM) 
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2.22+002 
defautt Fringe: 

Max 3.47+005 ®Nd 7085 
Min 2.22+002 ®Nd 20016 


Figure 171. Cape H (left view) von Mises Stress Contour Plot, Max. Stress: 50.3 ksi 
(Inertia Loading, 3 Degree Twist, One Tank) 


101 


























MSC.PelraLn 2D00 r2 17-May<t1 12:0B;07 

J>?/+UU 

Fringe: GRAy_1T_3.SCl, Static Subcase: Stress Tensor -AtZl (VONM) 
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MSCPotrein 2000 r2 1?-MayH31 12:08:07 

Fringe: GRAVJT-.3,SC1, Static Subcase: Stress Tensor -At Z1 (VONM) 





















MSC.Pestran 2000 r2 17-May-OI 10;36;16 

Fnnge: GRAV_2T_0.SC1, Static Subcase Stress Tensor -A1Z2 f/ONM) 



1.03+002 
default_Fringe; 

Max 3.02+005 <s)Nd16B5B 
Min 1.03+002 ©Ndl 2378 


Figure 176. Cape H (bottom view) von Mises Stress Contour Plot, Max. Stress; 43.8 ksi 
(Inertia Loading, No Twist, Two Tanks) 


MSCPotton 2000r217^^ay-01 10:5455 

Fringe'GRAV_2T_1.SC1, Static Subcase: Stress Tensor-.At Z2 (VDNM) 



2 . 01+002 
detautt_Fringe: 

Max 3.37+005 ®Nd 16856 
Min 2.01+002 ®Nd 20035 


Figure 177. Cape H (left view) von Mises Stress Contour Plot, Max. Stress: 43.8 ksi 
(Inertia Loading, No Twist, Two Tanks) 
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. Cape H (top view) vo: 
ia Loading, 1 Degree D 









MSCPotran2000r217-May^1 10:54:55 

Fringe: GRAV_2TJ .SCI. Static Subcase: Stress Tenson *^22 f^ONM) 



2.DU0Q2H 
default.Fringe: 

Max 3.37+005 ®Nd 16856 
Min 2.01+002 ®Nd 20035 


Figure 182. Cape H (bottom view) von Mises Stress Contour Plot, Max. Stress: 48.9 ksi 
(Inertia Loading, 1 Degree Twist, Two Tanks) 


MSC.Patran 2000 1Z 17-M<jy-0110:54:55 

Fringe: GRAV_2X-.1 .SCI, Static Subcase; Stress Tensor, rAt 22 (VONM) 
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2 . 01+002 
default^Fringe: 

Max 3.37+005 ®Nd 16858 
Min 2.01+002 ®Nd 20035 


Figure 183. Cape H (left view) von Mises Stress Contour Plot, Max. Stress: 48.9 ksi 
(Inertia Loading, 1 Degree Twist, Two Tanks) 
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MSCPotron 2000 r217-Wa^01 10:54:55 

Fringe: GRAV_2TJ .SCI, Static Subcase Stress Tensor. -^XZZ (VONM] 
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2 . 01+0021 
default_Fringe: 

Max 3,37+005 ®Ndl 6856 
Min 2.01+002 ®Nd 20035 


Figure 184. Cape H (right view) von Mises Stress Contour Plot, Max. Stress: 48.9 ksi 
(Inertia Loading, 1 Degree Twist, Two Tanks) 


MSCPo*ran 20001217-M«y^01 

Fringe; GRAV_2T_1. SCI. Static Sub case: Stress Tensor,-At Z2 fvDNM) 



Figure 185. Cape H (close-up) von Mises Stress Contour Plot, Max. Stress 
(Inertia Loading, 1 Degree Twist, Two Tanks) 


:,ouoo2l 

le: 

©NdlEBSe. 
Nd 200351 

: 48.9 ksi 
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2.55+ODl 
defauit.Fringe: 

Max 4.064005 ®Ndl BBSS 
Min 2.554001 ®Ncl 20035 


Figure 187. Cape H (top view) von Mises Stress Contour Plot, Max. Stress: 58.9 ksi 
(Inertia Loading, 3 Degree Twist, Two Tanks) 


















MSC.Pjstran 2000 r2 17-MQy-D1 10:-16;09 

Fringe: GRAV_2T_3.SC1, Stetic Subcase: Stress Tensor -At Z2 (VONM) 
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2.55+0011 
defautt^Fringe; 

Max 4 06+005 ®IMd 16856 
Min 2.55+001 ®Nd 20035 


Figure 188. Cape H (bottom view) von Mises Stress Contour Plot, Max. Stress: 58.9 ksi 
(Inertia Loading, 3 Degree Twist, Two Tanks) 


MSC.Potran 200012 1 10:40:03 

Fringe: GRAV_2T_3.SCI, Static Subcase . Stress Tensor,-At Z2 CVX)NM) 
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2.55+0011 
default Fringe: 

Max 4.06+005 ®Nd 16056 
Min2.55+D01 ®Nd 20035 


Figure 189. Cape H (left view) von Mises Stress Contour Plot, Max. Stress: 58.9 ksi 
(Inertia Loading, 3 Degree Twist, Two Tanks) 
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Figure 192. Cape H (close-up) von Mises Stress Contour Plot, Max. Stress: 58.9 ksi 
(Inertia Loading, 3 Degree Twist, Two Tanks) 

C. EXPERIMENTAL MODAL ANALYSIS 

1. Model-Scale Stern Ramp 

Vibration testing was conducted on the model-scale ramp and the first four 
elastic modes were measured. The model-scale ramp was supported to enable the 
measurement of the normal modes with a free-free boundary condition. Figure 193 
through 196 show the first four elastic modes. 
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Figure 195. Model-Scale Ramp, Mode 3, Second Torsion 





Figure 196. Model-Scale Ramp, Mode 4, Second Bending 
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Table 8 provides a summary comparison of the computational modal and experimental 
modal analysis of the model-scale stem ramp. 



Finite Element 

Experimental 

Mode 

Frequency (Hz) 

Mode Shape 

Frequency (Hz) 

Mode Shape 

1 

12.46 

1®* Torsion 

10.49 

1** Torsion 

2 

27.23 

1®‘Bending 

27.88 

1*‘ Bending 

3 

45.13 

2"“ Torsion 

43.94 

2"“ Torsion 

4 

76.38 


79.80 


Table 8. Comparison of Model-Scale Ramp Finite 1 

Element and Experimental Results 


2. Model-Scale Stern Ramp Support 

Vibration testing was conducted on the model-scale ramp support and all modes 
through 130 Hz were measured. The support was mounted to the deck in the position it 
will occupy for the constmcted experimental test facility. Figure 197 shows the first 
elastic mode. 



Figure 197. Model-Scale Ramp Support, Mode 1 
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Table 9 displays a comparison of the finite element results with the experimental 
results. 


Mode 


Finite Element 

Experimental 

Frequency (Hz) 

Frequency (Hz) 

Mode Shape 
Matches 

51.31 

55.47 

Yes 

71.44 

67.02 

No 

72.109 

68.73 

No 

93.04 

78.34 

No 

96.97 

88.63 

No 

102.99 

107.65 

No 

119.53 

122.20 

Yes 


Table 9. Comparison of Support Finite Element and Experimental Results 
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V. CONCLUSIONS AND RECOMMENDATIONS 
A. CONCLUSIONS 

The primary piupose of this thesis was to determine the suitability of the three 
full-scale stem ramp finite element model for inclusion in a coupled hydro-structural 
simulation model of the combined ship-ramp-RRDF. To assist in the determination, an 
ANSYS model of the LMSR stem ramp was obtained and nodal and elemental 
solutions were computed using ANSYS to compare with MSC/NASTRAN results. 

Four load cases were considered and are aimotated as cases A through D. Load case A 
has gravity only as a load and cases B through D have gravity plus one, three and eight 
degrees of twist respectively. Tables 10 through 12 document these comparisons for no 
tank, one tank, and two tank configurations. All stress values are in pounds force per 
inch squared (psi) and are listed as peak {nominal}. Peak stress values are computed 
and nominal stresses are estimated. 


Load Case 

ANSYS 

Nodal 

Peak 

Stress 

Location 

ANSYS 

Elemental 

Peak 

Stress 

Location 

NASTRAN 

Peak 

Stress 

Location 

Case A 

13,866 

{7,711} 

stbd hinge 

■cJeMcM 

masaam 

stbd hinge 

22,600 

{9,090} 

stbd hinge 

Case B 

17,511 

{7,793} 

top edge 
of first 
cavity on 
stbd side 
(section 1) 

m 

port hinge 


port hinge 

Case C 

38,988 

{21,668} 

top edge 
of first 
cavity on 
stbd side 
(section 1) 

47,935 

{26,640} 

port hinge 


top edge 
of first 
cavity on 
stbd side 
(section 1) 

Case E 

92,995 

{31,009} 

top edge 
of first 
cavity on 
stbd side 
(section 1) 

119,914 

{66,640} 

inside first 
cavity on 
port side 
(section 1) 

99,800 

{40,000} 

inside first 
cavity on 
port side 
(section 1) 


Table 10. LMSR ANSYS vs. NASTRAN Solution Comparison (No Tanks) 
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Load Case I ANSYS 


Case A 


Case B 


Case C 


Nodal 


29,485 

{26,211} 


50,959 

28,329; 


Stress 

Location 


stbd hinse 



ANSYS 

Elemental 


68,081 

{37,833} 


72,592 

{40,334 




Peak 

Stress 

Location 


stbd hinge 


port hinge 


NASTRAN Peak 
Stress 
Location 


stbd hinge 


port hinge 



83,260 port hinge 56,000 port hinge 
46,271} {26,200} 


stbd side 
(section 1) 


CaseE 104,962 top edge 123,835 inside first 108,000 inside first 

{69984} of first {82,563} cavity on {49,000} 

cavity on port side 

stbd side (section 1) 

(section 1) 


Table 11. LMSR ANSYS vs. NASTRAN Solution Comparison (One Tank) 


Load Case I ANSYS I Peak 


Case A 


Case B 


Case C 


Case D 


Stress 

Location 


stbd hinge 



111,349 

{49,518} 


ANSYS 

Elemental 

Peak 

Stress 

Location 

110,389 

{36,819} 

stbd hinge 

114,293 
{50,809} 

port hinge 

124,981 

{41,688} 

port hinge 

151,885 

{67,521} 

port hinge 


NASTRAN Peak 
Stress 
Location 


stbd hinge 


78,900 

{31,600} 


85,800 

{34,400} 


{51,900} 


port hinge 


port hinge 



cavity on 
stbd side 
(section 1) 


Table 12. LMSR ANSYS vs. NASTRAN Solution Comparison (Two Tanks) 

As can be seen from the tables, the ANSYS nodal and elemental solutions bracket the 
MSC/NASTRAN results in all but case D with two tanks. Additionally, the disparity 
between the ANSYS nodal and elemental results indicates the LMSR model is not 
sufficiently refined. In particular, the hinge joints require updating. This is further 
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supported by tlie peak stress values being well above the yield for mild steel of40,000 


psi. 


Tables 13 through 15 show a comparison of the linear static solutions of the 
three ramp designs. Again, three load cases were considered for no tank, one tank, and 
two tank configurations. As before, case A represents gravity only and cases B and C 
represent one degree and three degrees of twist. Eight degrees of twist was not used as 
the nominal stress estimations from the LMSR analysis predicted stresses well above 
yield. 


Boundary 

Conditions 

and 

Loading 

Cape T 

Peak Stress 
Location 

CapeH 

Peak Stress 
Location 

LMSR 

Peak Stress 
Location 

Case A 

13,500 

{9,035} 

aft end of 
buttressing 
device port 
side 


stbd hinge 

22,600 

{9,090} 

stbd hinge 

Case B 

16,800 

{8,950} 

stbd side of 
lateral rib 
support 
(section 1) 


stbd hinge 
of arm 
attached to 
section 2 


port hinge 

Case C 


stbd side of 
lateral rib 
support 
(section 1) 


bottom 
section 1, 
fwd port 
comer 


top edge of 
first cavity 
on stbd side 
(section 1) 


Table 13. Ramp Summary (No Tanks) 
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Boundary 

Conditions 

and 

Loading 

Cape T 

Peak Stress 
Location 

Cape H 

Peak Stress 
Location 

LMSR 

Peak Stress 
Location 

Case A 

49,900 

{23,300} 

lateral rib 
support 
(section 1) 


stbd hinge 
of arm 
attached to 
section 2 

■ 

stbd hinge 

Case B 

50,100 

{23,300} 

lateral rib 
support 
(section 1) 

33,500 

{22,300} 

stbd hinge 
of arm 
attached to 
section 2 


port hinge 

Case C 


port side of 
lateral rib 
support 
(section 1) 

■ 

bottom 
section 1, 
fwd port 
comer 

■ 

port hinge 


Table 14. Ramp Summary (One Tanks) 


Boundary 
Conditions 
and Loading 

Cape T 

Peak Stress 
Location 

Cape H 

Peak Stress 
Location 

LMSR 

Peak Stress 
Location 

Case A 


lateral rib 
support 
(section 1) 

43,800 

{23,400} 

stbd hinge 

77,100 

{25,800} 

stbd hinge 

Case B 


lateral rib 
support 
(section 1) 

48,900 

{26,100} 

port hinge 

78,900 

{31,600} 

port hinge 

Case C 

m 

port side of 
lateral rib 
support 
(section 1) 

■ 

port hinge 

■ 

port hinge 


Table 15. Ramp Summary (Two Tanks) 


The high peak stresses predicted still indicate that all three ramp models are not 
sufficiently refined for accurate determination of stress levels; however, each of the 
designs may be used to ascertain the performance of passive isolation. 


B. RECOMMENDATIONS 

Because the three full-scale stem ramp finite element models can each be used 
in the simulation model, the two ramps most likely to be used for RORO operations at 

sea should be used in the simulation model. The Cape H stem ramp is much larger and 
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poses separate problems due to its size alone. The LMSR stem ramp was designed for 
sea state three capability and at this time seems to be the most likely candidate for at sea 
RORO application. 

If the Cape H ramp design is to be used for at sea RORO operations, the Cape H 
finite element model should be modified to allow for normal modes analysis to 
determine if a pseudostatic response assumption is valid. 

All three ramp models should be refined sufficiently to allow for more accurate 
stress level predictions. For the LMSR, Cape H, and Cape T designs, these refinements 
should be in the areas of high peak stress concentration. 

Both finite element models for the model-scale stem ramp and support require 
additional updating. Specifically, both models should be modified to include 
parameters for accurate modeling of the weld joints. 

Perform testing of materials used in the constraction of both the model-scale 
stem ramp and support. This will ensure that the correct values for material modulus 
and density are included in the model rather than handbook values. 

For the model-scale ramp support, update the finite element model to include the 
spring effects of the six fasteners used to moimt the support to the deck. This will 
provide another parameter for updating the model. 

Additional vibration analysis of the model-scale ramp and support must be 
conducted as the experimental test facility is completed. 
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APPENDIX 


A. COMPUTATIONAL LINEAR STATIC ANALYSIS 

Static analyses require the solution of the following equation, 

[K]{u} = {p} (1) 

where [K] is an (n x ri) stiffness matrix, p(0 is an (« x 1) force vector, and u(r) is an 
(« X 1) vector of unknown displacement coordinates. Solution to equation (1) for large 
systems can be very difficult and computationally expensive as it involves the inversion 
of the stif&iess matrix, [K]. The left and right hand sides of equation (1) are 
premultiplied by [K]'* yielding [Ref. 1], 

{u} =per' {p} (2) 

Solution of equation (2) gives the physical displacements of the finite element model, 
{u}. MSC/NASTRAN conducts linear static analyses by the displacement method. 

[Ref. 2] 

Each MSC/NASTRAN input file consists of several sections defining the type 
of analysis to be performed, boundary conditions, loads, material properties, element 
types, and grid point connectivity. MSC/NASTRAN will organize the input file for 
efficient processing and assemble the stiffiiess and mass matrices, [K] and [M]. The 
mass matrix in a static analysis is used to apply inertial or gravity loads to the structure. 
Specified constraints are applied to the stiffness matrix and appropriate rows and 
columns are eliminated through matrix partitioning. The load vector, {p}, is generated 
from parameters such as pressure loads on surfaces, enforced displacements, and inertia 
loads. The load vector is reduced to final form by application of restraints and 
elimination of the restrained components. The stiffiiess matrix, [K] is decomposed into 
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upper and lower triangular factors and solution for the independent displacements in 
{u} is accomplished for the reduced load vector {p} by means of forward and backward 
passes. Equations of constraint are applied to determine dependent grid point 
displacements. Knowledge of the displacement of the comers of an element allows the 
elemental strains and stresses to be determined based on the shape functions of the 
particular element. MSC/NASTRAN uses bilinear extrapolation to determine elemental 
stresses at the centroid and comers of each CQUAD4 element [Ref 3]. A bilinear 
function is a special quadratic function that is linear in y for each x, and linear in x for 
each y. 
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B. COMPUTATIONAL MODAL ANALYSIS 


The equations of motion for an n degree of freedom (DOF) imdamped structure 
can be represented by the following matrix equation, 

[M]{u} + [K]{u} = {p(0}, (3) 

where [M] and [K] are (n x n) mass and stif&iess matrices, p(0 in an (« x 1) force 
vector, and u(r) is an (w x 1) vector of unknown displacement coordinates. The natural 
frequencies of the system of equations represented by the homogeneous form of 
equation (3) can be determined by assuming the displacement response is harmonic, 

{u} = {U}e‘“' (4) 

Equation (4) can be substituted into equation (3) leading to an nth order eigenvalue 
problem [Ref. 1], 

(lK]-<o"[M]){U} = {0} (5) 

Equation (5) may also equivalently be written to form the structural eigenproblem 
[Ref. 4], 

[K](py = Xy[M](py, 7 = !,...,« (6) 

In equation (6) it is apparent that X, corresponds to co/ (the yth eigenvalue) and (py 
corresponds to U/ (theyth eigenvector). Damping may be included and the 
eigenvectors are unchanged provided damping is included in proportional form. A 
common method to solve equation (6) involves computing [L], the Cholesky factor of 
[K], provided [K] is positive definite. Substituting, Py = 1/ ^ in equation (6) yields, 

[M](Py = Py[K](Py (7) 

Finally, including the Cholesky factorization of [K] leads to, 

[Lr'[M][Lfi|(/ = (V¥/ (8) 
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The eigenvectors, (py, must be computed by using the transformation (py = [L]'^ \py. If the 
model has rigid body modes, [K] is positive semidefinite and Cholesky decomposition 
is not possible. To efficiently solve such problems, MSC/NASTRAN employs a block 
Lanczos algorithm with shift points (o) and equation (6) is adjusted as follows [Ref 5], 

[K - oM] (py = Qij - o)[M] (py, y = 1(9) 
The values for the shift points are chosen by the software dependent on the user 
requested range of natural fi-equency interest and the nature of the finite element model. 
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C. EXPERIMENTAL MODAL ANALYSIS 


Experimental modal analysis or vibration testing requires four components: a 
means to mount or support the structure to be tested; an excitation source; transducers to 
measure the vibration response and excitation input; and a method to record and analyze 
the data. 

For a free-free vibration test, the structure should be supported at the nodal 
points of the first bending mode. The material used to support the structure should be 
of sufficient flexibility to minimize coupling of rigid body modes with elastic modes of 
the structure. If the response of an installed structure is desired, then vibration testing 
may be conducted with the structure restrained as if installed. 

Two methods are commonly used to excite a structure. A shaker can be 
attached to the structure with a force input proportional to a specified input parameter, 
such as voltage, or an impact hammer with an attached force transducer may be used. 
The impact hammer imparts an approximate impulse to the structure with the intention 
of exciting all modes in the bandwidth of interest simultaneously and equally. Because 
the impact produced by the hammer in practice does not result in a perfect impulse, 
there exists a cut-off frequency above which modes are excited with very little energy. 
The cut-off frequency can be altered by using different mass hammers or changing the 
elasticity of the hammer tip. It is important that the frequency range of interest fall 
below the cut-off frequency. 

Transducers are used to measure the vibration response of the excited structure 
and the excitation force. Transducers contain a piezoelectric material that generates an 
electric charge when imdergoing strain. The electric charge can be converted to a 
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measurable voltage that is proportional to the applied strain. The applied strain is 
proportional to the excitation force or acceleration of the structure. Force transducers 
apply the excitation force directly to the piezoelectric material. Accelerometers differ in 
that a mass is attached to the structure through the piezoelectric material with the 
piezoelectric material acting as a stiff spring. The spring-mass system of the 
accelerometer should vibrate at frequencies well above the frequency range of interest. 

Analyses of vibration tests are accomplished using a digital computer. The 
analog measured vibrations are converted to a digital signal by an analog to digital 
converter. Several sample intervals are averaged to reduce the effect of noise in the 
vibration measurements. The digital force and response functions are time domain 
signals. Fast Fourier transforms (FFT) of the force and response signals are performed 
by computer software to generate frequency domain functions. This leads to the 
frequency response function (FRF) as defined by the ratio of the response FFT to the 
force FFT. The FRFs can be viewed and used to determine the natural frequencies, 
mode shapes, and damping ratios of the structure tested. [Ref. 6] 



D, 


MSC/NASTRAN INPUT FILES 


INIT MASTER(S) 

ASSIGN 0UTPUT2 = 'LMSR_0T_1.op2*, UNIT = 12 
SOL 101 
TIME 600 
CEND 

SEALL = ALL 
SUPER = ALL 
ECHO = NONE 
MAXLINES = 999999999 
SUBCASE 1 

S UBTITLE=GRAV_0 T_1 
SPC = 1 
LOAD = 2 

DISPLACEMENT (SORTl, REAL) -ALL 
SPCFORCES(SORTl,REAL)-ALL 
STRESS(SORT1,REAL,VONMISES,BILIN)-ALL 
BEGIN BULK 


PARAM 

POST 

-1 




PARAM, 

NOCOMPS,-! 





PARAM 

PRTMAXIM 

YES 




PARAM 

AUTOSPC 

YES 




PARAM 

K6ROT 

5.0 




PARAM 

GRDPNT 

0 




SPCD 

2 

5219 

3 

-5.04 


SPCl 

1 

123 

5243 



SPCl 

1 

3 

6481 



SPCl 

1 

123 

9961 



SPCl 

1 

3 

5219 



GRAY 

2 

0 

386.09 

0. 

0. 

CELAS2 

13953 

2.4+7 

9101 

3 

6786 

CELAS2 

13954 

2.4+7 

9106 

3 

6787 

CELAS2 

13955 

2.4+7 

9107 

3 

6788 

CELAS2 

13956 

2.4+7 

9105 

3 

6782 

CELAS2 

13957 

2.4 + 7 

9126 

3 

6799 

CELAS2 

13958 

2.4+7 

9131 

3 

6800 

CELAS2 

13960 

2.4+7 

9129 

3 

6801 

CELAS2 

13961 

2.4+7 

9127 

3 

6798 

CELAS2 

13962 

2.4+7 

5336 

3 

2320 

CELAS2 

13963 

2.4+7 

5338 

3 

2325 

CELAS2 

13964 

2.4+7 

5337 

3 

2324 

CELAS2 

13965 

2.4+7 

5332 

3 

1809 

CELAS2 

13966 

2.4 + 7 

5358 

3 

2332 

CELAS2 

13967 

2.4+7 

5360 

3 

2334 

CELAS2 

13968 

2.4+7 

5362 

3 

2333 

CELAS2 

13969 

2.4+7 

5357 

3 

1852 


INCLUDE ’E:\LMSR\LMSR_BULK_DATA\LMSRbulk.dat’ 
ENDDATA 


-1 

3 

3 

3 

3 

3 

3 


3 

3 

3 

3 

3 

3 


0 . 

0 . 

0 . 


0 . 

0 . 

0 . 


0 

0 

0 

0 

0 

0 


0 . 

0 . 

0 . 

0 . 

0 . 

0 . 


0 

0 

0 

0 

0 

0 
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INIT MASTER(S) 

ASSIGN 0UTPUT2 = ’LMSR_1T_1.op2', UNIT = 12 
SOL 101 
TIME 600 
CEND 

SEALL = ALL 
SUPER = ALL 
ECHO = NONE 
MAXLINES = 999999999 
SUBCASE 1 

SUBTITLE=GRAV_1T_1 
SPC = 1 
LOAD = 2 

DISPLACEMENT(SORT1,REAL)=ALL 
SPCFORCES(SORT1,REAL)=ALL 
STRESS(SORTl,REAL,VONMISES,BILIN)=ALL 
BEGIN BULK 
PARAM POST -1 
PARAM,NOCOMPS,-1 
PARAM PRTMAXIM YES 


PARAM 

AUTOSPC 

YES 







PARAM 

K6ROT 

5.0 







PARAM 

GRDPNT 

0 







SPCD 

2 

5219 

3 

-5.04 





LOAD 

2 

1. 

1. 

3 

1. 

4 



SPCl 

1 

123 

5243 






SPCl 

1 

3 

6481 






SPCl 

1 

123 

9961 






SPCl 

1 

3 

5219 






GRAY 

3 

0 

386.09 

0. 

0. 

-1. 



PLOAD4 

4 

4957 

-20.4 

-20.4 

-20.4 

-20.4 

THRU 

4964 

PLOAD4 

4 

5005 

1 

O 

-20.4 

o 

CM 

1 

-20.4 

THRU 

5012 

PLOAD4 

4 

5053 

-20.4 

-20.4 

-20.4 

-20.4 

THRU 

5060 

PLOAD4 

4 

12970 

-20.4 

-20.4 

-20.4 

-20.4 

THRU 

12977 

PLOAD4 

4 

13026 

-20.4 

-20.4 

-20.4 

-20.4 

THRU 

13033 

PLOAD4 

4 

13082 

o 

CM 

1 

o 

CM 

1 

-20.4 

-20.4 

THRU 

13089 

CELAS2 

13953 

2.4 + 7 

9101 

3 

6786 

3 

0. 

0. 

CELAS2 

13954 

2.4 + 7 

9106 

3 

6787 

3 

0. 

0. 

CELAS2 

13955 

2.4 + 7 

9107 

3 

6788 

3 

0. 

0. 

CELAS2 

13956 

2.4 + 7 

9105 

3 

6782 

3 

0. 

0. 

CELAS2 

13957 

2.4 + 7 

9126 

3 

6799 

3 

0. 

0. 

CELAS2 

13958 

2.4 + 7 

9131 

3 

6800 

3 

0. 

0. 

CELAS2 

13960 

2.4 + 7 

9129 

3 

6801 

3 

0. 

0. 

CELAS2 

13961 

2.4 + 7 

9127 

3 

6798 

3 

0. 

0. 

CELAS2 

13962 

2.4 + 7 

5336 

3 

2320 

3 

0. 

0. 

CELAS2 

13963 

2.4 + 7 

5338 

3 

2325 

3 

0. 

0. 

CELAS2 

13964 

2.4+7 

5337 

3 

2324 

3 

0. 

0. 

CELAS2 

13965 

2.4+7 

5332 

3 

1809 

3 

0. 

0. 

CELAS2 

13966 

2.4+7 

5358 

3 

2332 

3 

0. 

0. 

CELAS2 

13967 

2.4+7 

5360 

3 

2334 

3 

0. 

0. 

CELAS2 

13968 

2.4+7 

5362 

3 

2333 

3 

0. 

0. 

CELAS2 

13969 

2.4 + 7 

5357 

3 

1852 

3 

0. 

0. 


INCLUDE 'E:\LMSR\LMSR_BULK_DATA\LMSRbulk.dat’ 
ENDDATA 
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INIT MASTER(S) 

ASSIGN 0UTPUT2 = 'LMSR_2T_1.op2’, UNIT = 12 
SOL 101 
TIME 600 
CEND 

SEALL = ALL 
SOPER = ALL 
ECHO = NONE 
MAXLINES = 999999999 
SUBCASE 1 

SUBTITLE=GRAV_2T_1 
SPC = 1 
LOAD = 2 

DISPLACEMENT(SORTl,REAL)=ALL 

SPCFORCES(SORTl,REAL) =ALL 

STRESS(SORTl,REAL,VONMISES,BILIN)=ALL 


BEGIN BULK 





PARAM 

POST 


-1 



PARAM,NOCOMPS,- 

1 




PARAM 

PRTMAXIM 

YES 



PARAM 

AUTOSPC 

YES 



PARAM 

K6ROT 


5.0 



PARAM 

GRDPNT 


0 



SPCD 

2 


5219 

3 

- 

LOAD 

2 


1. 

1, 


SPCl 

1 


123 

5243 

SPCl 

1 


3 

6481 

SPCl 

1 


123 

9961 

SPCl 

1 


3 

5219 

GRAY 

3 


0 

386.09 

PLOAD4 


4 

4853 


-20.4 

PLOAD4 


4 

4854 


-20.4 

PLOAD4 


4 

4855 


-20.4 

PLOAD4 


4 

4856 


-20.4 

PLOAD4 


4 

4857 


-20.4 

PLOAD4 


4 

4858 


-20.4 

PLOAD4 


4 

4859 


-20.4 

PLOAD4 


4 

4860 


-20.4 

PLOAD4 


4 

4909 


-20.4 

PLOAD4 


4 

4910 


-20.4 

PLOAD4 


4 

4911 


-20.4 

PLOAD4 


4 

4912 


-20.4 

PLOAD4 


4 

4913 


-20.4 

PLOAD4 


4 

4914 


-20.4 

PLOAD4 


4 

4915 


-20.4 

PLOAD4 


4 

4916 


-20.4 

PLOAD4 


4 

4957 


1 

o 

PLOAD4 


4 

4958 


-20.4 

PLOAD4 


4 

4959 


-20.4 

PLOAD4 


4 

4960 


-20.4 

PLOAD4 


4 

4961 


-20.4 

PLOAD4 


4 

4962 


-20.4 

PLOAD4 


4 

4963 


-20.4 

PLOAD4 


4 

4964 


-20.4 

PLOAD4 


4 

5053 


-20.4 

PLOAD4 


4 

5054 


-20.4 
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PL0AD4 

4 

5055 

-20.4 

PL0AD4 

4 

5056 

-20.4 

PL0AD4 

4 

5057 

-20.4 

PL0AD4 

4 

5058 

-20.4 

PL0AD4 

4 

5059 

-20.4 

PL0AD4 

4 

5060 

-20.4 

PL0AD4 

4 

5109 

-20.4 

PL0AD4 

4 

5110 

-20.4 

PL0AD4 

4 

5111 

-20.4 

PL0AD4 

4 

5112 

-20.4 

PL0AD4 

4 

5113 

-20.4 

PL0AD4 

4 

5114 

o 

CM 

1 

PL0AD4 

4 

5115 

-20.4 

PLpAD4 

4 

5116 

-20.4 

PL0AD4 

4 

5152 

o 

CM 

1 

PL0AD4 

4 

5153 

-20.4 

PL0AD4 

4 

5154 

o 

CM 

1 

PL0AD4 

4 

5155 

-20.4 

PL0AD4 

4 

5156 

-20.4 

PL0AD4 

4 

5157 

-20.4 

PL0AD4 

4 

5158 

-20.4 

PL0AD4 

4 

5159 

-20.4 

PL0AD4 

4 

9461 

-20.4 

PL0AD4 

4 

9462 

-20.4 

PL0AD4 

4 

9463 

-20.4 

PL0AD4 

4 

9464 

-20.4 

PL0AD4 

4 

9465 

-20.4 

PL0AD4 

4 

9466 

-20.4 

PL0AD4 

4 

9467 

-20.4 

PL0AD4 

4 

9468 

-20.4 

PL0AD4 

4 

9504 

-20.4 

PL0AD4 

4 

9505 

-20.4 

PL0AD4 

4 

9506 

-20.4 

PL0AD4 

4 

9507 

-20.4 

PL0AD4 

4 

9508 

-20.4 

PL0AD4 

4 

9509 

-20.4 

PL0AD4 

4 

9510 

-20.4 

PL0AD4 

4 

9511 

-20.4 

PL0AD4 

4 

12850 

-20,4 

PL0AD4 

4 

12851 

-20.4 

PL0AD4 

4 

12852 

-20.4 

PL0AD4 

4 

12853 

-20.4 

PL0AD4 

4 

12854 

-20.4 

PL0AD4 

4 

12855 

-20.4 

PL0AD4 

4 

12856 

-20.4 

PL0AD4 

4 

12857 

-20.4 

PL0AD4 

4 

12914 

-20.4 

PL0AD4 

4 

12915 

-20.4 

PL0AD4 

4 

12916 

-20.4 

PL0AD4 

4 

12917 

-20.4 

PL0AD4 

4 

12918 

-20.4 

PL0AD4 

4 

12919 

-20.4 

PL0AD4 

4 

12920 

-20.4 

PL0AD4 

4 

12921 

-20.4 

PL0AD4 

4 

12970 

-20.4 

PL0AD4 

4 

12971 

-20.4 



PL0AD4 


4 

12972 

1 

O 






PL0AD4 


4 

12973 

-20.4 






PL0AD4 


4 

12974 

-20.4 






PL0AD4 


4 

12975 

-20.4 






PL0AD4 


4 

12976 

-20.4 






PL0AD4 


4 

12977 

-20.4 






PL0AD4 


'4 

13082 

-20.4 






PL0AD4 


4 

13083 

-20.4 






PL0AD4 


4 

13084 

-20.4 






PL0AD4 


4 

13085 

-20.4 






PL0AD4 


4 

13086 

-20.4 






PL0AD4 


4 

13087 

-20.4 






PL0AD4 


4 

13088 

-20.4 






PL0AD4 


4 

13089 

-20.4 






CELAS2 

13953 


2.4+7 

9101 

3 

6786 

3 

0. 

0 

CELAS2 

13954 


2.4+7 

9106 

3 

6787 

3 

0. 

0 

CELAS2 

13955 


2.4+7 

9107 

3 

6788 

3 

0. 

0 

CELAS2 

13956 


2.4+7 

9105 

3 

6782 

3 

0. 

0 

CELAS2 

13957 


2.4+7 

9126 

3 

6799 

3 

0. 

0 

CELAS2 

13958 


2.4+7 

9131 

3 

6800 

3 

0. 

0 

CELAS2 

13960 


2.4+7 

9129 

3 

6801 

3 

. 0. 

0 

CELAS2 

13961 


2.4+7 

9127 

3 

6798 

3 

0. 

0 

CELAS2 

13962 


2.4+7 

5336 

3 

2320 

3 

0. 

0 

GELAS2 

13963 


2.4+7 

5338 

3 

2325 

3 

0. 

0 

CELAS2 

13964 


2.4+7 

5337 

3 

2324 

3 

0. 

0 

CELAS2 

13965 


2.4 + 7 

5332 

3 

1809 

3 

0. 

0 

CELAS2 

13966 


2.4+7 

5358 

3 

2332 

3 

0. 

0 

CELAS2 

13967 


2.4+7• 

5360 

3 

2334 

3 

0. 

0 

CELAS2 

13968 


2.4+7 

5362 

3 

2333 

3 

0. 

0 

CELAS2 

13969 


2.4+7 

5357 

3 

1852 

3 

0. 

0 


INCLUDE 'E:\LMSR\LMSR_BULK_DATA\LMSRbulk.dat' 
ENDDATA 
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INIT MASTER(S) 

ASSIGN 0UTPUT2 = 'CT_0T_O.op2', UNIT = 12 
SOL 101 
TIME 600 
CEND 

SEALL = ALL 
SUPER = ALL 
ECHO = NONE 
MAXLINES = 999999999 
SUBCASE 1 

SUBTITLE=CT_0T_0 
SPC = 1 
LOAD = 2 

DISPLACEMENT(SORT1,REAL)=ALL 
SPCFORCES(SORTl,REAL)=ALL 
STRESS(SORTl,REAL,VONMISES,BILIN) =ALL 
BEGIN BULK 


PARAM 

PARAM, 

POST 

NOCOMPS,-! 

-1 


PARAM 

PRTMAXIM 

YES 


PARAM 

GRDPNT 

0 


PARAM 

K6ROT 

5.0 


PARAM 

AUTOSPC 

YES 


SPCl 

1 

123 

40288 

SPCl 

1 

123 

40289 

SPCl 

1 

2 

40769 

SPCl 

1 

2 

40805 

GRAY 

2 

0 

9.81 


INCLUDE ’E:\CapeT\CT_STATIC\CT_STATIC_BULK.dat' 
ENDDATA ld86bebd 
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INIT MASTER(S) 

ASSIGN 0UTPUT2 = 'CT_1T_1.op2', UNIT = 12 
SOL 101 
TIME 600 
CEND 

SEALL = ALL 
SUPER = ALL 
ECHO = NONE 
MAXLINES = 999999999 
SUBCASE 1 

SUBTITLE=CT_1T_1 
SPC - 1 
LOAD = 2 

DISPLACEMENT (SORTl, REAL) =ALL 

SPCFORCES(SORT1,REAL)=ALL 

STRESS (SORTl, REAL, VONMISES, BILIN) =ALL 


BEGIN 

PARAM 

BULK 

POST 

-1 


PARAM, 

PARAM 

NOCOMPS,-1 
PRTMAXIM 

YES 


PARAM 

GRDPNT 

0 


PARAM 

K6ROT 

5.0 


PARAM 

AUTOSPC 

YES 


LOAD 

2 

1. 

1. 

SPCD 

2 

40769 

2 

SPCl 

1 

123 

40288 

SPCl 

1 

123 

40289 

SPCl 

1 

2 

40769 

SPCl 

1 

2 

40805 

GRAY 

3 

0 

9.81 

PLOAD4 

4 

3370 

-133069. 

PLOAD4 

4 

3375 

-133069. 

PLOAD4 

4 

3380 

-133069. 

PLOAD4 

4 

3385 

-133069. 

PLOAD4 

4 

3390 

-133069. 

PLOAD4 

4 

3395 

-133069. 

PLOAD4 

4 

3400 

-133069. 

PLOAD4 

4 

3405 

-133069. 

PLOAD4 

4 

3410 

-133069. 

PLOAD4 

4 

3415 

-133069. 

PLOAD4 

4 

3420 

-133069. 

PLOAD4 

4 

3425 

-133069. 

PLOAD4 

4 

3430 

-133069. 

PLOAD4 

4 

3435 

-133069. 

PLOAD4 

4 

3440 

-133069. 

PLOAD4 

4 

3445 

-133069. 

PLOAD4 

4 

3450 

-133069. 

PLOAD4 

4 

3455 

-133069. 

PLOAD4 

4 

3460 

-133069. 

PLOAD4 

4 

3465 

-133069. 

PLOAD4 

4 

3470 

-133069. 

PLOAD4 

4 

3475 

-133069. 

PLOAD4 

4 

3480 

-133069. 

PLOAD4 

4 

3485 

-133069. 

PLOAD4 

4 

3490 

-133069. 

PLOAD4 

4 

3495 

-133069. 



PL0AD4 

4 

3500 

-133069. 



PL0AD4 

4 

3505 

-133069. 



PL0AD4 

4 

3510 

-133069. 



PL0AD4 

4 

3515 

-133069. 



PL0AD4 

4 

3520 

-133069. 



PL0AD4 

4 

3525 

-133069. 



PL0AD4 

4 

3530 

-133069. 



PL0AD4 

4 

3535 

-133069. 



PL0AD4 

4 

3637 

-133069. 

THRU 

3639 

PL0AD4 

4 

3642 

-133069. 

THRU 

3644 

PL0AD4 

4 

3647 

-133069. 

THRU 

3649 

PL0AD4 

4 

3652 

-133069. 

THRU 

3654 

PL0AD4 

4 

3657 

-133069. 

THRU 

3659 

PL0AD4 

4 

3662 

-133069. 

THRU 

3664 

PL0AD4 

4 

3667 

-133069. 

THRU 

3669 

PL0AD4 

4 

3672 

-133069. 

THRU 

3674 

PL0AD4 

4 

3677 

-133069. 

THRU 

3679 

PL0AD4 

4 

3682 

-133069. 

THRU 

3684 

PL0AD4 

4 

3687 

-133069. 

THRU 

3689 

PL0AD4 

4 

3692 

-133069. 

THRU 

3694 

PL0AD4 

4 

3792 

-133069. 

THRU 

3794 

PL0AD4 

4 

3797 

-133069. 

THRU 

3799 

PL0AD4 

4 

3802 

-133069. 

THRU 

3804 

PL0AD4 

4 

3807 

-133069. 

THRU 

3809 

PL0AD4 

4 

3812 

-133069. 

THRU 

3814 

PL0AD4 

4 

3817 

-133069. 

THRU 

3819 

PL0AD4 

4 

3822 

-133069. 

THRU 

3824 

PL0AD4 

4 

3827 

-133069. 

THRU 

3829 

PL0AD4 

4 

3832 

-133069. 

THRU 

3834 

PL0AD4 

4 

3837 

-133069. 

THRU 

3839 

PL0AD4 

4 

3842 

-133069. 

THRU 

3844 

PL0AD4 

4 

3847 

-133069. 

THRU 

3849 

PL0AD4 

4 

3852 

-133069. 

THRU 

3854 

PL0AD4 

4 

3857 

-133069. 

THRU 

3859 

PL0AD4 

4 

3862 

-133069. 

THRU 

3864 

PL0AD4 

4 

3867 

-133069. 

THRU 

3869 

PL0AD4 

4 

3872 

-133069. 

THRU 

3874 

PL0AD4 

4 

3877 

-133069. 

THRU 

3879 

PL0AD4 

4 

3882 

-133069. 

THRU 

3884 

PL0AD4 

4 

3887 

-133069. 

THRU 

3889 

PL0AD4 

4 

3892 

-133069. 

THRU 

3894 

PL0AD4 

4 

3897 

-133069. 

THRU 

3899 

PL0AD4 

4 

4430 

133069. 

THRU 

4432 

PL0AD4 

4 

4435 

133069. 

THRU 

4437 

PL0AD4 

4 

4440 

133069. 

THRU 

4442 

PL0AD4 

4 

4445 

133069. 

THRU 

4447 

PL0AD4 

4 

4450 

133069. 

THRU 

4452 

PL0AD4 

4 

4455 

133069. 

THRU 

4457 

PL0AD4 

4 

4460 

133069. 

THRU 

4 4 62 

PL0AD4 

4 

4465 

133069. 

THRU 

4467 

PL0AD4 

4 

4470 

133069. 

THRU 

4472 

PL0AD4 

4 

4475 

133069. 

THRU 

4477 

PL0AD4 

4 

4480 

133069. 

THRU 

4482 

PL0AD4 

4 

4485 

133069. 

THRU 

4487 

PL0AD4 

4 

4490 

133069. 

THRU 

4492 

PL0AD4 

4 

4495 

133069. 

THRU 

4497 


136 



PL0AD4 

4 

4500 

133069. 

THRU 

4502 

PL0AD4 

4 

4505 

133069. 

THRU 

4507 

PL0AD4 

4 

4510 

133069. 

THRU 

4512 

PL0AD4 

4 

4515 

133069. 

THRU 

4517 

PL0AD4 

4 

4520 

133069. 

THRU 

4522 

PL0AD4 

4 

4525 

133069. 

THRU 

4527 

PL0AD4 

4 

4530 

133069. 

THRU 

4532 

PL0AD4 

4 

4535 

133069. 

THRU 

4537 

PL0AD4 

4 

4544 

133069. 



PL0AD4 

4 

4549 

133069. 



PL0AD4 

4 

4554 

133069. 



PL0AD4 

4 

4559 

133069. 



PL0AD4 

4 

4564 

133069. 



PL0AD4 

4 

4569 

133069. 



PLbAD4 

4 

4574 

133069. 



PL0AD4 

4 

4579 

133069. 



PL0AD4 

4 

4584 

133069. 



PL0AD4 

4 

4589 

133069. 



PL0AD4 

4 

4594 

133069. 



PL0AD4 

4 

4599 

133069. 



PL0AD4 

4 

4699 

133069. 



PL0AD4 

4 

4704 

133069. 



PL0AD4 

4 

4709 

133069. 



PL0AD4 

4 

4714 

133069. 



PL0AD4 

4 

4719 

133069. 



PL0AD4 

4 

4724 

133069. 



PL0AD4 

4 

4729 

133069. 



PL0AD4 

4 

4734 

133069. 



PL0AD4 

4 

4739 

133069. 



PL0AD4 

4 

4744 

133069. 



PL0AD4 

4 

4749 

133069. 



PL0AD4 

4 

4754 

133069. 



PL0AD4 

4 

4759 

133069. 



PL0AD4 

4 

4764 

133069. 



PL0AD4 

4 

4769 

133069. 



PL0AD4 

4 

4774 

133069. 



PL0AD4 

4 

4779 

133069, 



PL0AD4 

4 

4784 

133069. 



PL0AD4 

4 

4789 

133069. 



PL0AD4 

4 

4794 

133069. 



PL0AD4 

4 

4799 

133069. 



PL0AD4 

4 

4804 

133069. 



PL0AD4 

4 

5093 

133069. 

THRU 

5095 

PL0AD4 

4 

5098 

133069. 

THRU 

5100 

PL0AD4 

4 

5103 

133069. 

THRU 

5105 

PL0AD4 

4 

5108 

133069. 

THRU 

5110 

PL0AD4 

4 

5113 

133069. 

THRU 

5115 

PL0AD4 

4 

5118 

133069. 

THRU 

5120 

PL0AD4 

4 

5123 

133069. 

THRU 

5125 

PL0AD4 

4 

5128 

133069. 

THRU 

5130 

PL0AD4 

4 

5133 

133069. 

THRU 

5135 

PL0AD4 

4 

5138 

133069. 

THRU 

5140 

PL0AD4 

4 

5143 

133069. 

THRU 

5145 

PL0AD4 

4 

5148 

133069. 

THRU 

5150 

PL0AD4 

4 

6632 

-133069. 



PL0AD4 

4 

6757 

-133069. 

THRU 

6759 
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PL0AD4 

4 

7085 

133069. 

THRU 

7087 

PL0AD4 

4 

7094 

-133069. 




INCLUDE ’E:\CapeT\CT_STATIC\CT_STATIC_BULK.dat' 
ENDDATA ld86bebd 
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INIT MASTER(S) 

ASSIGN 0UTPUT2 = 'CT_2T_1.op2', UNIT = 12 
SOL 101 
TIME 600 
CEND 

SEALL = ALL 
SUPER = ALL 
ECHO = NONE 
MAXLINES = 999999999 
SUBCASE 1 

SUBTITLE=CT_2T_1 
SPC = 1 
LOAD = 2 

DISPLACEMENT(SORT1,REAL)=ALL 

SPCFORCES(SORTl,REAL)=ALL 

STRESS(SORTl,REAL,VONMISES,BILIN)=ALL 


BEGIN ] 

BULK 








PARAM 

POST 

-1 







PARAM,NOCOMPS,-1 








PARAM 

PRTMAXIM 

YES 







PARAM 

GRDPNT 

0 







PARAM 

K6ROT 

5.0 







PARAM 

AUTOSPC 

YES 







LOAD 

2 

1. 

1. 

3 

1. 

4 



SPCD 

2 

40769 

2 

-.13528 





SPCl 

1 

123 

40288 






SPCl 

1 

123 

40289 






SPCl 

1 

2 

40769 






SPCl 

1 

2 

40805 






GRAY 

3 

0 

9.81 

0. 

-1. 

0. 



PLOAD4 

4 

1988 

133069. 

133069. 

133069. 

133069. 



PLOAD4 

4 

1993 

133069. 

133069. 

133069. 

133069. 



PLOAD4 

4 

1998 

133069. 

133069. 

133069. 

133069. 



PLOAD4 

4 

2003 

133069. 

133069. 

133069. 

133069. 



PLOAD4 

4 

2139 

133069. 

133069. 

133069. 

133069. 

THRU 

2141 

PLOAD4 

4 

2144 

133069. 

133069. 

133069. 

133069. 

THRU 

2146 

PLOAD4 

4 ' 

2149 

133069. 

133069. 

133069, 

133069. 

THRU 

2151 

PLOAD4 

4 

2154 

133069. 

133069. 

133069. 

133069. 

THRU 

2156 

PLOAD4 

4 

3370 

-133069. 

-133069. 

-133069. 

-133069. 



PLOAD4 

4 

3375 

-133069. 

-133069. 

-133069. 

-133069. 



PLOAD4 

4 

3380 

-133069. 

-133069. 

-133069. 

-133069. 



PLOAD4 

4 

3385 

-133069. 

-133069. 

-133069. 

-133069. 



PLOAD4 

4 

3390 

-133069. 

-133069. 

-133069. 

-133069. 



PLOAD4 

4 

3395 

-133069. 

-133069. 

-133069. 

-133069. 



PLOAD4 

4 

3400 

-133069. 

-133069, 

-133069. 

-133069. 



PLOAD4 

4 

3405 

-133069. 

-133069. 

-133069. 

-133069, 



PLOAD4 

4 

3410 

-133069. 

-133069. 

-133069. 

-133069. 



PLOAD4 

4 

3415 

-133069. 

-133069. 

-133069. 

-133069. 



PLOAD4 

4 

3792 

-133069. 

-133069. 

-133069. 

-133069. 

THRU 

3794 

PLOAD4 

4 

3797 

-133069. 

-133069. 

-133069. 

-133069. 

THRU 

3799 

PLOAD4 

4 

3802 

-133069. 

-133069. 

-133069. 

-133069. 

THRU 

3804 

PLOAD4 

4 

3807 

-133069. 

-133069. 

-133069. 

-133069. 

THRU 

3809 

PLOAD4 

4 

3812 

-133069. 

-133069. 

-133069. 

-133069. 

THRU 

3814 

PLOAD4 

4 

3817 

-133069. 

-133069. 

-133069. 

-133069. 

THRU 

3819 

PLOAD4 

4 

3822 

-133069. 

-133069. 

-133069. 

-133069. 

THRU 

3824 

PLOAD4 

4 

3827 

-133069. 

-133069. 

-133069. 

-133069. 

THRU 

3829 
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PLOAD4 

4 

3832 

-133069. 

PLOAD4 

4 

3837 

-133069. 

PLOAD4 

4 

4430 

133069. 

PLOAD4 

4 

4435 

133069. 

PLOAD4 

4 

4440 

133069. 

PLOAD4 

4 

4445 

133069. 

PLOAD4 

4 

4450 

133069. 

PLOAD4 

4 

4455 

133069. 

PLOAD4 

4 

4460 

133069. 

PLOAD4 

4 

4465 

133069. 

PLOAD4 

4 

4470 

133069. 

PLOAD4 

4 

4475 

133069. 

PLOAD4 

4 

4544 

133069. 

PLOAD4 

4 

4549 

133069. 

PLOAD4 

4 

4554 

133069. 

PLOAD4 

4 

4559 

133069. 

PLOAD4 

4 

4564 

133069. 

PLOAD4 

4 

4569 

133069. 

PLOAD4 

4 

4574 

133069. 

PLOAD4 

4 

4579 

133069. 

PLOAD4 

4 

4584 

133069. 

PLOAD4 

4 

4589 

133069. 

PLOAD4 

4 

4594 

133069. 

PLOAD4 

4 

4599 

133069. 

PLOAD4 

4 

4604 

133069. 

PLOAD4 

4 

4609 

133069. 

PLOAD4 

4 

4614 

133069. 

PLOAD4 

4 

4619 

133069. 

PLOAD4 

4 

4624 

133069. 

PLOAD4 

4 

4629 

133069. 

PLOAD4 

4 

4634 

133069. 

PLOAD4 

4 

4639 

133069. 

PLOAD4 

4 

4644 

133069. 

PLOAD4 

4 

4649 

133069. 

PLOAD4 

4 

4654 

133069. 

PLOAD4 

4 

4659 

133069. 

PLOAD4 

4 

4664 

133069. 

PLOAD4 

4 

4669 

133069. 

PLOAD4 

4 

4674 

133069. 

PLOAD4 

4 

4679 

133069. 

PLOAD4 

4 

4684 

133069. 

PLOAD4 

4 

4689 

133069. 

PLOAD4 

4 

4694 

133069. 

PLOAD4 

4 

4699 

133069. 

PLOAD4 

4 

4704 

133069. 

PLOAD4 

4 

4709 

133069. 

PLOAD4 

4 

4714 

133069. 

PLOAD4 

4 

4719 

133069. 

PLOAD4 

4 

4724 

133069. 

PLOAD4 

4 

4729 

133069. 

PLOAD4 

4 

4734 

133069. 

PLOAD4 

4 

4739 

133069. 

PLOAD,4 

4 

4744 

133069. 

PLOAD4 

4 

5093 

133069. 

PLOAD4 

4 

5098 

133069. 

PLOAD4 

4 

5103 

133069. 


-133069.-133069.-133069. THRU 3834 

-133069.-133069.-133069. THRU 3839 

133069. 133069. 133069. THRU 4432 

133069. 133069. 133069. THRU 4437 

133069. 133069. 133069. THRU 4442 

133069. 133069. 133069. THRU 4447 

133069. 133069. 133069. THRU 4452 

133069. 133069. 133069. THRU 4457 

133069. 133069. 133069. THRU 4462 

133069. 133069. 133069. THRU 4467 

133069. 133069. 133069. THRU 4472 

133069. 133069. 133069. THRU 4477 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. 

133069. 133069. 133069. THRU 5095 
133069. 133069. 133069. THRU 5100 
133069. 133069. 133069. THRU 5105 
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PL0AD4 

4 

5108 

133069. 

133069. 

133069. 

133069. 

THRU 

5110 

PL0AD4 

4 

5113 

133069. 

133069. 

133069. 

133069. 

THRU 

5115 

PL0AD4 

4 

5118 

133069. 

133069. 

133069. 

133069. 

THRU 

5120 

PL0AD4 

4 

5123 

133069. 

133069. 

133069. 

133069. 

THRU 

5125 

PL0AD4 

4 

5128 

133069. 

133069. 

133069. 

133069. 

THRU 

5130 

PL0AD4 

4 

5133 

133069. 

133069. 

133069. 

133069. 

THRU 

5135 

PL0AD4 

4 

5138 

133069. 

133069. 

133069. 

133069. 

THRU 

5140 

PL0AD4 

4 

5143 

133069. 

133069. 

133069. 

133069. 

THRU 

5145 

PL0AD4 

4 

5148 

133069. 

133069. 

133069. 

133069. 

THRU 

515.0 

PL0AD4 

4 

5153 

133069. 

133069. 

133069. 

133069. 

THRU 

5155 

PL0AD4 

4 

5158 

133069. 

133069. 

133069. 

133069. 

THRU 

5160 

PL0AD4 

4 

5163 

133069. 

133069. 

133069. 

133069. 

THRU 

5165 

PL0AD4 

4 

5168 

133069., 

133069. 

133069. 

133069. 

THRU 

5170 

PL0AD4 

4 

5173 

133069. 

133069. 

133069. 

133069. 

THRU 

5175 

PL0AD4 

4 

5178 

133069. 

133069. 

133069. 

133069. 

THRU 

5180 

PL0AD4 

4 

5183 

133069. 

133069. 

133069. 

133069. 

THRU 

5185 

PL0AD4 

4 

5188 

133069. 

133069. 

133069. 

133069. 

THRU 

5190 

PL0AD4 

4 

5193 

133069. 

133069. 

133069. 

133069. 

THRU 

5195 

PL0AD4 

4 

5198 

133069. 

133069. 

133069. 

133069. 

THRU 

5200 

PL0AD4 

4 

5203 

133069. 

133069. 

133069. 

133069. 

THRU 

5205 

PL0AD4 

4 

5208 

133069. 

133069. 

133069. 

133069. 

THRU 

5210 

PL0AD4 

4 

5213 

133069. 

133069. 

133069. 

133069. 

THRU 

5215 

PL0AD4 

4 

5218 

133069. 

133069. 

133069. 

133069. 

THRU 

5220 

PL0AD4 

4 

5223 

133069. 

133069. 

133069. 

133069. 

THRU 

5225 

PL0AD4 

4 

5228 

133069. 

133069. 

133069. 

133069. 

THRU 

5230 

PL0AD4 

4 

5233 

133069. 

133069. 

133069. 

133069. 

THRU 

5235 

PL0AD4 

4 

5238 

133069. 

133069. 

133069. 

133069. 

THRU 

5240 

PL0AD4 

4 

5243 

133069. 

133069. 

133069. 

133069. 

THRU 

5245 

PL0AD4 

4 

6632 

-133069. 

-133069. 

-133069. 

-133069. 



PL0AD4 

4 

6633 

133069. 

133069. 

133069. 

133069. 

THRU 

6637 

PL0AD4 

4 

6692 

133069. 

133069. 

133069. 

133069. 

THRU 

6694 

PL0AD4 

4 

6697 

133069. 

133069. 

133069. 

133069. 

THRU 

6699 

PL0AD4 

4 

6702 

133069. 

133069. 

133069. 

133069. 

THRU 

6704 

PL0AD4 

4 

6707 

133069. 

133069. 

133069. 

133069. 

THRU 

6709 

PL0AD4 

4 

6712 

133069. 

133069. 

133069. 

133069. 

THRU 

6714 

PL0AD4 

4 

6717 

133069. 

133069. 

133069. 

133069. 

THRU 

6719 

PL0AD4 

4 

6722 

133069. 

133069. 

133069. 

133069. 

THRU 

6724 

PL0AD4 

4 

6727 

133069. 

133069. 

133069. 

133069. 

THRU 

6729 

PL0AD4 

4 

6732 

133069. 

133069. 

133069. 

133069. 

THRU 

6734 

PL0AD4 

4 

6737 

133069. 

133069. 

133069. 

133069. 

THRU 

6739 

PL0AD4 

4 

6742 

133069. 

133069. 

133069. 

133069. 

THRU 

6744 

PL0AD4 

4 

6747 

133069. 

133069. 

133069. 

133069. 

THRU 

6749 

PL0AD4 

4 

6752 

133069. 

133069. 

133069. 

133069, 

THRU 

6754 

PL0AD4 

4 

6757 

-133069.' 

-133069.- 

-133069. 

-133069. 

THRU 

6759 

PL0AD4 

4 

7009 

133069. 

133069. 

133069. 

133069. 

THRU 

7011 

PL0AD4 

4 

7030 

133069. 

133069. 

133069. 

133069. 

THRU 

7032 

PL0AD4 

4 

7035 

133069. 

133069. 

133069. 

133069. 

THRU 

7037 

PL0AD4 

4 

7040 

133069. 

133069. 

133069. 

133069. 

THRU 

7042 

PL0AD4 

4 

7045 

133069. 

133069. 

133069. 

133069. 

THRU 

7047 

PL0AD4 

4 

7050 

133069. 

133069. 

133069. 

133069. 

THRU 

7052 

PL0AD4 

4 

7055 

133069. 

133069. 

133069. 

133069, 

THRU 

7057 

PL0AD4 

4 

7060 

133069. 

133069. 

133069. 

133069. 

THRU 

7062 

PL0AD4 

4 

7065 

133069. 

133069. 

133069. 

133069. 

THRU 

7067 

PL0AD4 

4 

7070 

133069. 

133069. 

133069. 

133069. 

THRU 

7072 

PL0AD4 

4 

7075 

133069. 

133069. 

133069. 

133069. 

THRU 

7077 

PL0AD4 

4 

7080 

133069. 

133069. 

133069. 

133069. 

THRU 

7082 
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PL0AD4 

4 

7085 

133069 

. 133069 

. 133069 

. 133069. 

THRU 

7087 

PL0AD4 

4 

7094 

-133069 

.-133069 

.-133069 

-133069. 



PL0AD4 

4 

7107 

-133069 

.-133069 

.-133069 

-133069. 

THRU 

7109 

PL0AD4 

4 

32507 

-133069 

.-133069 

.-133069 

-133069. 

THRU 

32516 

PL0AD4 

4 

32536 

-133069 

.-133069 

.-133069 

-133069. 

THRU 

32545 

PL0AD4 

4 

32565 

-133069 

.-133069 

.-133069, 

-133069. 

THRU 

32574 

PL0AD4 

4 

32594 

-133069 

.-133069 

.-133069, 

-133069. 

THRU 

32603 

PL0AD4 

4 

33029 

-133069 

.-133069 

.-133069. 

-133069. 

THRU 

33038 

PL0AD4 

4 

33058 

-133069 

.-133069 

.-133069, 

-133069. 

THRU 

33067 

PL0AD4 

4 

33087 

-133069 

.-133069, 

.-133069. 

-133069. 

THRU 

33096 

PL0AD4 

4 

33116 

-133069 

.-133069, 

.-133069, 

-133069. 

THRU 

33125 

PL0AD4 

4 

34884 

-133069 

.-133069. 

.-133069, 

-133069. 

THRU 

34895 

PL0AD4 

4 

34938 

-133069 

.-133069, 

.-133069, 

-133069. 

THRU 

34949 

PL0AD4 

4 

45450 

-133069, 

.-133069. 

.-133069. 

-133069. 



PL0AD4 

4 

45457 

-133069. 

.-133069. 

.-133069, 

-133069. 

THRU 

45459 

PL0AD4 

4 

45470 

-133069, 

.-133069. 

.-133069, 

-133069. 

THRU 

45472 

PL0AD4 

4 

45479 

-133069, 

.-133069, 

.-133069. 

-133069. 



PL0AD4 

4 

2606 

133069, 

. 133069, 

. 133069. 

133069. 

THRU 

2608 

PL0AD4 

4 

2611 

133069. 

. 133069, 

, 133069. 

133069. 

THRU 

2613 

PL0AD4 

4 

2616 

133069, 

. 133069, 

, 133069. 

133069. 

THRU 

2618 

PL0AD4 

4 

2621 

133069. 

. 133069. 

, 133069. 

133069. 

THRU 

2623 

PL0AD4 

4 

2759 

133069. 

. 133069. 

, 133069. 

133069. 



PL0AD4 

4 

2764 

133069. 

. 133069. 

, 133069. 

133069. 



PL0AD4 

4 

2769 

133069. 

. 133069. 

, 133069. 

133069. 



PL0AD4 

4 

2774 

133069, 

, 133069. 

133069. 

133069. 



PL0AD4 

4 

3480 

-133069. 

,-133069. 

-133069. 

-133069. 



PL0AD4 

4 

3485 

-133069. 

,-133069. 

-133069. 

-133069. 



PL0AD4 

4 

3490 

-133069. 

,-133069. 

-133069. 

-133069. 



PL0AD4 

4 

3495 

-133069. 

-133069. 

-133069. 

-133069. 



PL0AD4 

4 

3500 

-133069. 

-133069. 

-133069. 

-133069. 



PL0AD4 

4 

3505 

-133069. 

-133069. 

-133069. 

-133069. 



PL0AD4 

4 

3510 

-133069. 

-133069. 

-133069. 

-133069. 



PL0AD4 

4 

3515 

-133069. 

-133069. 

-133069. 

-133069. 



PL0AD4 

4 

3520 

-133069. 

-133069. 

-133069. 

-133069. 



PL0AD4 

4 

3525 

-133069. 

-133069. 

-133069. 

-133069. 



PL0AD4 

4 

3530 

-133069. 

-133069. 

-133069. 

-133069. 



PL0AD4 

4 ' 

3535 

-133069. 

-133069. 

-133069. 

-133069. 



PL0AD4 

4 

3540 

133069. 

133069. 

133069. 

133069. 



PL0AD4 

4 

3545 

133069. 

133069. 

133069. 

133069. 



PL0AD4 

4 

3550 

133069. 

133069: 

133069. 

133069. 



PL0AD4 

4 

3555 

133069. 

133069. 

133069. 

133069. 



PL0AD4 

4 

3560 

133069. 

133069. 

133069. 

133069. 



PL0AD4 

4 

3565 

133069. 

133069. 

133069. 

133069. 



PL0AD4 

4 

3570 

133069. 

133069. 

133069. 

133069. 



PL0AD4 

4 

3575 

133069. 

133069. 

133069. 

133069. 



PL0AD4 

4 

3580 

133069. 

133069. 

133069. 

133069. 



PL0AD4 

4 

3585 

133069. 

133069. 

133069. 

133069. 



PL0AD4 

4 

3590 

133069. 

133069. 

133069. 

133069. 



PL0AD4 

4 

3595 

133069. 

133069. 

133069. 

133069. 



PL0AD4 

4 

3600 

133069. 

133069. 

133069. 

133069. 



PL0AD4 

4 

3605 

133069. 

133069. 

133069. 

133069. 



PL0AD4 

4 

3610 

133069. 

133069. 

133069. 

133069. 



PL0AD4 

4 

3615 

133069. 

133069. 

133069. 

133069. 



PL0AD4 

4 

3620 

133069. 

133069. 

133069. 

133069. 



PL0AD4 

4 

3625 

133069. 

133069. 

133069. 

133069. 



PL0AD4 

4 

3630 

133069. 

133069. 

133069. 

133069. 
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PL0AD4 

4 

3637 

-133069. 

-133069. 

-133069. 

-133069. 

THRU 

3639 

PL0AD4 

4 

3642 

-133069. 

-133069. 

-133069. 

-133069. 

THRU 

3644 

PL0AD4 

4 

3647 

-133069. 

-133069. 

-133069. 

-133069. 

THRU 

3649 

PL0AD4 

4 

3652 

-133069. 

-133069. 

-133069. 

-133069. 

THRU 

3654 

PL0AD4 

4 

3657 

-133069. 

-133069. 

-133069. 

-133069. 

THRU 

3659 

PL0AD4 

4 

3662 

-133069. 

-133069. 

-133069. 

-133069. 

THRU 

3664 

PL0AD4 

4 

3667 

-133069. 

-133069. 

-133069. 

-133069. 

THRU 

3669 

PL0AD4 

4 

3672 

-133069. 

-133069. 

-133069. 

-133069. 

THRU 

3674 

PL0AD4 

4 

3677 

-133069. 

-133069. 

-133069. 

-133069. 

THRU 

3679 

PL0AD4 

4 

3682 

-133069. 

-133069. 

-133069. 

-133069. 

THRU 

3684 

PL0AD4 

4 

3687 

-133069. 

-133069. 

-133069. 

-133069. 

THRU 

3689 

PL0AD4 

4 

3692 

-133069. 

-133069. 

-133069. 

-133069. 

THRU 

3694 

PL0AD4 

4 

3697 

133069. 

133069. 

133069. 

133069. 

THRU 

3699 

PLpAD4 

4 

3702 

133069. 

133069. 

133069. 

133069. 

THRU 

3704 

PL0AD4 

4 

3707 

133069. 

133069. 

133069. 

133069. 

THRU 

3709 

PL0AD4 

4 

3712 

133069. 

133069. 

133069. 

133069. 

THRU 

3714 

PL0AD4 

4 

3717 

133069. 

133069. 

133069. 

133069. 

THRU 

3719 

PL0AD4 

4 

3722 

133069. 

133069. 

133069. 

133069. 

THRU 

3724 

PL0AD4 

4 

3727 

133069. 

133069. 

133069. 

133069. 

THRU 

3729 

PL0AD4 

4 

3732 

133069. 

133069. 

133069. 

133069. 

THRU 

3734 

PL0AD4 

4 

3737 

133069. 

133069. 

133069. 

133069. 

THRU 

3739 

PL0AD4 

4 

3742 

133069. 

133069. 

133069. 

133069. 

THRU 

3744 

PL0AD4 

4 

3747 

133069. 

133069. 

133069. 

133069. 

THRU 

3749 

PL0AD4 

4 

3752 

133069. 

133069. 

133069. 

133069. 

THRU 

3754 

PL0AD4 

4 

3757 

133069. 

133069. 

133069. 

133069. 

THRU 

3759 

PL0AD4 

4 

3762 

133069. 

133069. 

133069. 

133069. 

THRU 

3764 

PL0AD4 

4 

3767 

133069. 

133069. 

133069. 

133069. 

THRU 

3769 

PL0AD4 

4 

3772 

133069. 

133069. 

133069. 

133069. 

THRU 

3774 

PL0AD4 

4 

3777 

133069. 

133069. 

133069. 

133069. 

THRU 

3779 

PL0AD4 

4 

3782 

133069. 

133069. 

133069. 

133069. 

THRU 

3784 

PL0AD4 

4 

3787 

133069. 

133069. 

133069. 

133069. 

THRU 

3789 


INCLUDE 'E:\CapeT\CT_STATIC\CT_STATIC_BULK.dat' 
ENDDATA ld86bebd 
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INIT MASTER(S) 

ASSIGN 0UTPUT2 = ’CH_OT_l_new.op2', UNIT = 12 
SOL 101 
TIME 600 
CEND 

SEALL = ALL 
SUPER = ALL 

TITLE = MSC.Nastran job created on 09-May-01 at 14:36:17 
ECHO = NONE 
MAXLINES = 999999999 
SUBCASE 1 

SUBTITLE=GRAV_0T_1 
SPC = 1 
LOAD = 2 

DISPLACEMENT(SORT1,REAL)=ALL 

SPCFORCES(SORTl,REAL)=ALL 

STRESS(SORTl,REAL,VONMISES,BILIN)=ALL 


BEGIN 

BULK 






PARAM 

POST 

-1 





PARAM, 

NOCOMPS,~1 






PARAM 

PRTMAXIM 

YES 





PARAM 

AUTOSPC 

YES 





PARAM 

GRDPNT 

0 





PARAM 

K6ROT 

5.0 





SPCD 

2 

16942 

3 

-236, 

.73 


SPCl 

1 

123 

13757 




SPCl 

1 

3 

16942 




SPCl 

1 

3 

19491 




SPCl 

1 

123 

19494 




SPCl 

1 

123 

19503 




SPCl 

1 

123 

19513 




SPCl 

1 

123 

19519 




SPCl 

1 

123 

19531 




SPCl 

1 

123 

19540 




SPCl 

1 

123 

20463 




GRAY 

2 

0 

9807. 

0. 

0. 

-1 

PELAS 

19 

1.7 + 10 





CELASl 

20953 

19 

15487 

3 

15693 

3 

CELASl 

20954 

19 

15488 

3 

15692 

3 

CELASl 

20955 

19 

19552 

3 

15694 

3 

CELASl 

20956 

19 

14619 

3 

14695 

3 

CELASl 

20957 

19 

14623 

3 

14700 

3 

CELASl 

20958 

19 

14622 

3 

14699 

3 

CELASl 

20959 

19 

14621 

3 

14698 

3 

CELASl 

20964 

19 

15631 

3 

204 

3 

CELASl 

20965 

19 

14657 

3 

16982 

3 

CELASl 

22003 

19 

20215 

3 

20144 

3 

CELASl 

22004 

19 

20218 

3 

20147 

3 

CELASl 

22175 

19 

20263 

3 

20357 

3 

CELASl 

22176 

19 

20286 

3 

20328 

3 


INCLUDE 'E:\CapeH\CH_BULK_DATA\CH_NEW_BULK.DAT' 
ENDDATA 18e5ef82 
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INIT MASTER(S) 

ASSIGN 0UTPUT2 = 'CH_lT_l_new.op2', UNIT = 12 
SOL 101 
TIME 600 
CEND 

SEALL = ALL 
SUPER = ALL 

TITLE = MSC.Nastran job created on 09-May-01 at 14:36:17 
ECHO = NONE 
MAXLINES = 999999999 
SUBCASE 1 

SUBTITLE=GRAV_1T_1 
SPC = 1 
LOAD = 2 

DISPLACEMENT(SORTl,REAL)=ALL 
SPCFORCES(SORTl,REAL)=ALL 
STRESS(SORTl,REAL,VONMISES,BILIN)=ALL 
BEGIN BULK 
PARAM POST -1 

PARAM,NOCOMPS,-1 
PARAM PRTMAXIM YES 
PARAM AUTOSPC YES 

PARAM GRDPNT 0 

PARAM K6ROT 5.0 


LOAD 

2 

1. 

1. 

3 

1. 

4 



SPCD 

2 

16942 

3 

-236, 

,73 




SPCl 

1 

123 

13757 






SPCl 

1 

3 

16942 






SPCl 

1 

3 

19491 






SPCl 

1 

123 

19494 






SPCl 

1 

123 

19503 






SPCl 

1 

123 

19513 






SPCl 

1 

123 

19519 






SPCl 

1 

123 

19531 






SPCl 

1 

123 

19540 






SPCl 

1 

123 

20463 






GRAY 

3 

0 

9807. 

0. 

0. 

-1. 



PLOAD4 

4 

11962 

137. 

137. 

137. 

137. 

THRU 

11973 

PLOAD4 

4 

12028 

137. 

137. 

137. 

137. 

THRU 

12033 

PLOAD4 

4 

12665 

137. 

137. 

137. 

137. 

THRU 

12670 

PLOAD4 

4 

12689 

137. 

137. 

137. 

137. 

THRU 

12694 

PLOAD4 

4 

12759 

137. 

137. 

137. 

137. 

THRU 

12764 

PELAS 

19 

1.7+10 







CELASl 

20953 

19 

15487 

3 

15693 

3 



CELASl 

20954 

19 

15488 

3 

15692 

3 



CELASl 

20955 

19 

19552 

3 

15694 

3 



CELASl 

20956 

19 

14619 

3 

14695 

3 



CELASl 

20957 

19 

14623 

3 

14700 

3 



CELASl 

20958 

19 

14622 

3 

14699 

3 



CELASl 

20959 

19 

14621 

3 

14698 

3 



CELASl 

20964 

19 

15631 

3 

204 

3 



CELASl 

20965 

19 

14657 

3 

16982 

3 



CELASl 

22003 

19 

20215 

3 

20144 

3 



CELASl 

22004 

19 

20218 

3 

20147 

3 



CELASl 

22175 

19 

20263 

3 

20357 

3 



CELASl 

22176 

19 

20286 

3 

20328 

3 
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INCLUDE 'E:\CapeH\CH_BULK_DATA\CH_NEW_BULK.DAT’ 
ENDDATA 18e5ef82 
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INIT MASTER(S) 

ASSIGN 0UTPUT2 = *CH__2T__l_new.op2 *, UNIT = 12 
SOL 101 
TIME 600 
CEND 

SEALL = ALL 
SUPER = ALL 

TITLE - MSC.Nastran job created on 09-May-01 at 14:36:17 
ECHO = NONE 
MAXLINES = 999999999 
SUBCASE 1 

S UBTITLE-GRAV_2 T_1 
SPC = 1 
LOAD = 2 

DISPLACEMENT(SORTl,REAL)=ALL 
SPCFORCES(SORTl,REAL)=ALL 
STRESS(SORTl,REAL,VONMISES,BILIN)=ALL 
BEGIN BULK 
PARAM POST -1 

PARAM,NOCOMPS,-! 

PARAM PRTMAXIM YES 

PARAM AUTOS PC YES 

PARAM GRDPNT 0 
PARAM K6ROT 5.0 


LOAD 

2 

1. 

1. 

3 

1. 

4 



SPCD 

2 

16942 

3 

-236, 

.73 




SPCl 

1 

123 

13757 






SPCl 

1 

3 

16942 






SPCl 

1 

3 

19491 






SPCl 

1 

123 

19494 






SPCl 

1 

123 

19503 






SPCl 

1 

123 

19513 






SPCl 

1 

123 

19519 






SPCl 

1 

123 

19531 






SPCl 

1 

123 

19540 






SPCl 

1 

123 

20463 






GRAY 

3 

0 

9807. 

0. 

0. 

-1. 



PLOAD4 

4 

2530 

137. 




THRU 

2536 

PLOAD4 

4 

11766 

137. 




THRU 

11775 

PLOAD4 

4 

11962 

137. 




THRU 

11967 

PLOAD4 

4 

12028 

137. 




THRU 

12039 

PLOAD4 

4 

12076 

137. 




THRU 

12081 

PLOAD4 

4 

12527 

137. 




THRU 

12536 

PLOAD4 

4 

12665 

137. 




THRU 

12670 

PLOAD4 

4 

12759 

137. 




THRU 

12764 

PLOAD4 

4 

12859 

137. 




THRU 

12864 

PLOAD4 

4 

12943 

137. 




THRU 

12948 

PLOAD4 

4 

20811 

137. 




THRU 

20818 

PELAS 

19 

1.7+10 







CELASl 

20953 

19 

15487 

3 

15693 

3 



CELASl 

20954 

19 

15488 

3 

15692 

3 



CELASl 

20955 

19 

19552 

3 

15694 

3 



CELASl 

20956 

19 

14619 

3 

14695 

3 



CELASl 

20957 

19 

14623 

3 

14700 

3 



CELASl 

20958 

19 

14622 

3 

14699 

3 



CELASl 

20959 

19 

14621 

3 

14698 

3 
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CELASl 

20964 

19 

15631 

3 

204 

3 

CELASl 

20965 

19 

14657 

3 

16982 

3 

CELASl 

22003 

19 

20215 

3 

20144 

3 

CELASl 

22004 

19 

20218 

3 

■ 20147 

3 

CELASl 

22175 

19 

20263 

3 

20357 

3 

CELASl 

22176 

19 

20286 

3 

20328 

3 

INCLUDE 

ENDDATA 

'E:\CapeH\CH 

18e5ef82 

BULK_DATA\CH 

: NEW 

BULK.DAT’ 
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